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INTRODUCTION 
Diversity among breeds of swine offers the opportunity to increase 
production efficiency through the use of crossbreeding systems. Cross­
breeding can be used to increase productivity through: 1) formation of 
synthetic breeds, 2) population replacement, 3) taking advantage of 
complementarity, 4) "building" the best match of genotype to environ­
ment, and 5) exploitation of heterosis (Kress et al., 1990). The 
advantages of heterosis depend on favorable dominance deviations in 
crossbred individuals whose genes are derived from more than one breed. 
Also involved in crossbreeding is the risk of breaking down favorable 
epistatic relationships which have been established within the breeds 
(recombination loss). 
Dickerson (1973) defines recombination loss as the deviation from 
the linear association of heterosis with the degree of heterozygosity. 
He states that "the coefficient of r^ describes the average fraction of 
independently segregating pairs of loci in gametes from both parents 
which are expected to be nonparental combinations; coefficients of r^ and 
P 
r are those for parents of the dam and sire, respectively." Recombina­
tion losses occur in Fg and backcross generations due to segregation and 
recombination of genes that were brought together from the two purebred 
parents in the Fj. 
Dickerson (1969) states that the efficiency of various methods for 
utilizing genetic diversity among breeds depends on: 1) reproductive 
rate of the species, 2) magnitude of crossbred heterosis and 
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recombination effects for individual and maternal performance, 3) size of 
breed differences in individual and maternal performance and 4) impor­
tance of interactions of genetic components with management or marketing 
systems. Lower reproductive rates favor rotation crossbreeding or 
synthetics rather than specific crossbreeding. Greater levels of 
heterosis favor crossbreeding or synthetics. Large breed differences 
increase the advantage of crossing specific terminal sires with maternal 
crossbred dams. Significant recombination loss means less potential for 
multi-breed synthetics vs. rotation or specific crossbreeding systems. 
The objective of this study was to estimate heterosis and recombina­
tion effects for maternal, growth and carcass traits for the Hampshire 
and Landrace breeds of swine. Landrace were included in this project 
because they are generally recognized as a maternal breed. Hampshires 
are generally considered a sire breed though it has also been reported 
that they perform well as part of a breed cross on the maternal side of a 
crossbreeding system (Holtmann et al., 1975; Jungst and Kuhlers, 1984). 
A mating scheme described by Malik (1984) was used to obtain 
unconfounded estimates of heterosis and recombination effects in the 
offspring and the dam. Estimation of genetic effects is made by specific 
breed and crossbred comparisons using linear contrasts of least squares 
means. Additional comparisons were made to compare purebred and cross­
bred sires and dams and reciprocal Fj females. Section I of this thesis 
contains estimates and comparisons for maternal performance traits and 
estimates for performance and carcass traits are included in Section II. 
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LITERATURE REVIEW 
The literature review for this thesis is divided into four main 
sections. The first section deals with research relating to breeds and 
crosses and the litter traits of number born, number born alive, litter 
birth weight and 21-day litter weight. The second section covers 
publications on sow milk composition and milk production as measured by 
pig weight gain. The third main portion of the review includes research 
on sow weight change during lactation and how it relates to sow produc­
tivity. The fourth section provides a review of research on breeds and 
crosses for post weaning performance and carcass traits. 
Litter Traits 
Schneider (1976) presented an extensive review of work published 
prior to 1976 relating to the genetic and nongenetic effects of cross­
breeding on litter traits. This review will concentrate on results pub­
lished since that time and on work relating specifically to the Hampshire 
and Landrace breeds. 
Edwards et al. (1971) evaluated season and age of dam influences on 
performance in a zero-selection control herd in the Oklahoma swine 
breeding project. Crossbred litters of Duroc, Hampshire, Beltsville, 
Poland China and Landrace breeding were included in the study. Sows had 
consistently larger litters of heavier pigs at birth, 21 and 42 days in 
their second litters than in their first litters. Gilts farrowing in the 
spring had larger litters at birth, 21 and 42 days than those farrowing 
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in the fall. Sows farrowed fewer pigs per litter in the spring but 
raised a higher proportion to weaning than those farrowing in the fall. 
Fahmy et al. (1971) studied reproductive performance of seven breeds 
of sows bred to produce crossbred litters over three parities. They 
concluded that sows of the white breeds (Yorkshire, Landrace, Lacombe) 
were superior in reproductive performance in that they farrowed larger 
and heavier litters. Parity was significant only for average pig birth 
weight. 
Purebred and two-breed cross litters of Duroc, Hampshire and York­
shire breeding were evaluated by Johnson and Omtvedt (1973). Season was 
a significant source of variation for number of pigs, litter weight and 
average pig weight per litter at birth, 21 and 42 days. Breed of dam 
effects were significant for all of these traits except number of pigs 
per litter at birth and average pig weight at 42 days. The effects of 
breed of sire were significant for number of pigs per litter and litter 
weight at 21 and 42 days. Purebred dams of the three breeds that 
produced crossbred litters had larger and heavier litters at each age 
than those raising purebred litters. 
Young et al. (1974) reported data from 451 litter records from dams 
of the Duroc, Hampshire and Yorkshire breeds. Within breed of dam, breed 
of sire had a significant effect on average litter size of crossbred 
litters. Crossbred litters from Hampshire dams averaged 1.12 more pigs 
at 42 days than did purebred Hampshire litters. Overall, crossbred lit­
ters had an advantage of .78 pigs per litter at 42 days over purebred 
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1itters. 
Holtmann et al. (1975) evaluated 28 one-way crosses of the York­
shire, Landrace, Lacombe, Hampshire, Duroc, Berkshire, Large Black and 
Tamworth breeds. Crossbred females were mated to Poland China boars and 
evaluated for sow productivity over their first two litters. Significant 
differences between crosses were found for litter size and weight at 
farrowing and 21 days. Hampshire x Landrace and Lacombe x Yorkshire 
crosses farrowed and weaned the largest litters. Litters from crosses 
involving the Landrace, Yorkshire and Lacombe breeds were significantly 
larger than those from dams of Duroc, Hampshire, Berkshire and Large 
Black breeding. Second parity females had a significant advantage over 
first litter gilts for all traits. 
Nelson and Robison (1976) compared litters from reciprocal crosses 
of the Duroc, Hampshire and Yorkshire breeds. All possible two-way cross 
females of these breeds were mated to Poland China boars. Among the two-
breed crosses, breed of dam effects were significant for individual pig 
weights but not for litter traits. For three-breed crosses, the effect 
of breed of dam was not significant for any sow productivity traits. 
Young et al. (1976a) studied records of 450 litters (161 purebred 
and 289 crossbred) of Duroc, Hampshire and Yorkshire breeding. All 
purebred and all possible two-way cross matings were included. Heterosis 
estimates for number of pigs per litter were larger at 21 and 42 days 
than at birth. Heterosis estimates were significant for litter birth 
weight (.5 kg) and 21-day litter weight (3.7 kg). Average pig weight 
6 
showed little response to crossbreeding. 
Fahmy and Holtmann (1977) evaluated three- and four-breed cross 
litters sired by purebred and crossbred boars. Breed of dam crosses 
included were Landrace x Yorkshire, Hampshire x Landrace, Large Black x 
Lacombe, Large Black x Landrace, Duroc x Lacombe and Duroc x Yorkshire. 
The effects of breed of sire and breed of dam were not significant for 
any of the litter performance traits. Purebred boars sired litters that 
were .5 pigs larger at birth than those sired by crossbred boars. 
Johnson et al. (1978) evaluated the reproductive performance of 835 
purebred and two-breed cross females of the Duroc, Hampshire and York­
shire breeds. Maternal heterosis effects were significant for number 
born (.93 pigs), litter birth weight (1.0 kg) and 21-day litter weight 
(6.8 kg). Average pig weights per litter were similar for both purebred 
and crossbred dams. There were significant parity effects. Both 
purebred and crossbred sows consistently had more pigs per litter and 
heavier pigs than did purebred and crossbred gilts. 
Drewry (1980) considered sire breed and sow cross effects for sow 
productivity traits. Crossbred dam types represented were Duroc x York­
shire, Hampshire x Yorkshire and Landrace x Yorkshire. Sows were mated 
to purebred Duroc and Hampshire boars and crossbred Duroc x Hampshire and 
Hampshire x Duroc boars. Sow cross effects were significant for all 
litter size traits while sire breed effects were not. 
Johnson (1980) summarized data from stations cooperating in the 
North Central Regional Breeding Project (NC-103) and from a large 
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Canadian crossbreeding study. This suiimary included data from twenty 
different experiments at seven experiment stations and included crosses 
among twelve different breeds. Heterosis effects for reproductive traits 
were large with two-breed cross dams being superior to purebred dams. In 
the comparison among crossbred dams, Hampshire x Landrace females ranked 
first for litter size at birth and 21 days. Averaged overall, dams that 
were one-half Landrace ranked highest in litter size at 21 days. In 
comparing purebred females, Landrace and Large Black sows raised the 
heaviest pigs to weaning. 
Kuhlers et al. (1980) evaluated maternal performance records from 
133 litters out of Landrace females bred to Landrace, Duroc and Yorkshire 
boars. Crossbred pigs were heavier at birth (.1 kg) and at 21 days (.31 
kg) than purebred pigs. Duroc x Landrace and Yorkshire x Landrace 
litters were heavier (5.4 kg) than purebred Landrace litters at 21 days 
of age. 
Wilson and Johnson (1981a) evaluated three-breed and backcross 
litters from Duroc x Hampshire, Duroc x Yorkshire and Hampshire x 
Yorkshire gilts mated to boars of the three breeds. Pigs from Hampshire 
cross dams were heavier at 21 and 42 days than those from Duroc x 
Yorkshire females. Breed of sire effects for preweaning traits were 
small and nonsignificant. Heterosis estimates were .31 for number born, 
.6 kg for litter birth weight, .02 kg for average pig birth weight and 
2.3 kg for 21-day litter weight. 
Kuhlers et al. (1981) studied preweaning performance of Landrace, 
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Duroc X Landrace and Yorkshire x Landrace sows mated to Duroc, Spotted or 
Hampshire boars. Litters from crossbred sows were larger in number and 
heavier in weight at 21 and 42 days than those from purebred Landrace 
sows. Sire breed effects were significant for litter weights at birth 
and 21 days. The effects of breed of dam were not significant for number 
born and number born alive. 
Schneider et al. (1982a) used data from the Iowa State University 
crossbreeding study to evaluate nongenetic sources of variation in swine 
performance. Breeds used in the study were Hampshire, Duroc, Yorkshire 
and Chester White. Parity effects were important for all litter traits 
and early pig weight with second parity dams being superior to first 
parity gilts. Spring farrowed pigs and litters tended to have an ad­
vantage in both weight and survival. 
Schneider et al. (1982b) estimated genetic effects from 137 pure­
bred, 376 single cross, 248 paternal backcross and 304 maternal backcross 
litters produced from matings among the Chester White, Duroc, Hampshire 
and Yorkshire breeds. Maternal heterosis estimates for number born alive 
(.95 pigs; 10.3%), litter birth weight (1.46 pigs; 11.9%) and 21-day 
litter weight (5.9 kg; 13.5%) were highly significant. An estimate of 
individual heterosis for 21-day litter weight (4.1 kg; 9.4%) was also 
highly significant. 
Kuhlers et al. (1982) compared preweaning performance of Duroc x 
Landrace, Spotted x Landrace and Hampshire x Landrace sows mated to 
Duroc, Spotted or Hampshire boars. Breed of sire did not influence 
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litter size, litter weight or individual pig weights significantly. 
Furthermore, breed of dam did not significantly influence litter size at 
birth, 21 or 42 days. Litters from Hampshire x Landrace and Duroc x 
Landrace sows were heavier at 21 and 42 days than those from Spotted x 
Landrace sows. Pigs out of Hampshire x Landrace sows were heavier at 21 
and 42 days than pigs out of Duroc x Landrace sows. No significant 
differences in litter birth weights were detected. 
Buchanan and Johnson (1984) evaluated data from 493 crossbred 
litters involving the Duroc, Landrace, Spotted and Yorkshire breeds. 
Three-breed crosses (sired by purebred boars) and four-breed crosses 
(sired by crossbred boars) were included in the study. The effects of 
crossbred group of the dam (reciprocal crosses were combined) were 
significant for litter weight at 21 days and litter size at 42 days. 
Crossbred females that were one-half Landrace performed well in traits 
measured at 21 and 42 days. There were no significant differences among 
breeding groups of the sire for litter size and weight. Breeding season 
exerted a significant effect on litter weight at birth and 21 and 42 
days. Parity was a significant source of variation for all litter traits 
except litter size at birth. 
Jungst and Kuhlers (1984) conducted a large study that included 
1,234 purebred and crossbred litters involving the Duroc, Hampshire, 
Landrace, Spotted and Yorkshire breeds. They found the Landrace breed to 
be superior to the Yorkshire breed in maternal performance. For traits 
measured at birth, the trend was for Landrace females to be superior to 
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Hampshire females. At 21 days of litter age, however, Hampshire per­
formance tended to be superior to Landrace performance. They concluded 
that Hampshire females would perform well on the maternal side of a 
crossbreeding program. Significant maternal heterosis estimates were 
2.49 kg for litter birth weight and 8.66 kg for 21-day litter weight. 
Maternal heterosis estimates of .82 pigs for number born and .08 kg for 
average pig birth weight were not significant. 
Gaugler et al. (1984) collected data from 366 litters produced in a 
four-breed diallel mating system involving the Duroc, Landrace, Spotted 
and Yorkshire breeds. The traits of litter size and weight at birth, 
litter size and weight at 42 days and pig survival to 42 days were ana­
lyzed. Large breed of dam differences were detected for most of the 
traits. Landrace females were the most productive breed for litter 
weight at weaning and proportion of pigs raised from birth to weaning. 
Crossbred litters had advantages over purebred litters of .79 pigs and 
11.72 kg in weight at weaning at 42 days and had a 5.56% greater survival 
rate. Heterosis estimates for number born (.09 pigs) and litter birth 
weight (.57 kg) were not significant. Parity effects were significant 
for all traits except survival rate and year and season effects were 
important for litter size at birth and 42 days and for litter weight at 
42 days. Year and season effects were not significant for litter birth 
weight and survival rate. 
Comparisons of litters by 3/4 Duroc-1/4 Landrace (DDL), 3/4 Hamp-
shire-1/4 Landrace (HHL) and 3/4 Spotted-1/4 Landrace (SSL) backcross 
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sows bred to Yorkshire boars were made by Kuhlers et al. (1985). A total 
of 299 litters were produced to determine the effect of dam breeding on 
preweaning performance of pigs and litters. The effect of dam breeding 
was significant for litter weight at birth but was not significant for 
number born and number born alive. At 21 days, litters raised by HHL 
sows were significantly larger than litters from SSL sows, while litter 
sizes out of DDL sows were intermediate. Hampshire crossbred sows had 
heavier litters at 21 and 42 days, but the differences were not signifi­
cant. Pigs from HHL dams weighed the least at birth and 42 days. 
Yen et al. (1987) analyzed 10,976 litter records collected over a 
six-year period by the Ohio Sow Records Program and the American York­
shire Club Sow Productivity Program. Records from crossbred females and 
from purebred females of the Yorkshire, Duroc, Chester White, Hampshire, 
Spotted, and Landrace breeds were included. Breed effects were highly 
significant for litter traits and sow productivity index (SPI). Landrace 
and Yorkshires excelled in number born, number born alive, adjusted 21-
day litter weight and SPI. Hampshires had the fewest number born and 
number born alive, but the highest average pig weight at 21 days. 
The authors found that crossbreds in this study were superior to the 
Duroc, Hampshire and Spotted breeds for number born, number born alive, 
adjusted 21-day litter weight and SPI, but they were inferior to Landrace 
and Yorkshires for these traits. The inferiority of crossbreds to 
Landrace and Yorkshires may be due to a smaller number of intra-herd 
comparisons and the fact that most of the crosses were combinations of 
12 
the Yorkshire, Hampshire and Duroc breeds. 
Parity effects for litter traits and SPI were all highly signifi­
cant. Sows in parities 3 through 6 were superior in performance for 
litter traits and second parity sows had an advantage over first litter 
gilts. Season effects were highly significant for number born, number 
born alive and SPI and were significant for 21-day litter weight and 
survival rate. Pigs farrowed in spring and summer had superior litter 
traits and index scores. 
Kuhlers et al. (1988) evaluated litters from Yorkshire x Landrace 
(YL), Chester White x Landrace (CL) and Chester White x Yorkshire (CY) 
sows bred to Duroc, Hampshire and Farmers Hybrid boars. Number born and 
number born alive were larger for litters out of CL and CY sows than 
those out of YL sows, but differences in litter size at 21 days were not 
significant. Litter weights at birth and 21 days were not significantly 
different. Pigs out of CL sows had heavier birth and 21-day weights than 
pigs out of CY sows. Sizes and weights of litters at birth and 21 days 
sired by Hampshire and Duroc boars were not different from those sired by 
Farmers Hybrid boars. 
Kuhlers et al. (1989) compared crosses of Duroc x Landrace (DL), 
Yorkshire x Landrace (YL) and Hampshire x Landrace (HL) sows bred to 
Duroc, Yorkshire and Hampshire boars. A total of 844 litters were used 
to determine the effects of sire breed and dam breeding on litter sizes 
and weights and sow weights after weaning the fourth litter. Sire breed 
differences were not significant for number born, number born alive, 
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litter birth weight and 21-day litter weight. Litter size at 21 and 56 
days was reduced by one pig/litter in litters sired by Hampshire boars. 
The effect of dam breeding was significant only for litter birth weight 
with litters from DL sows heavier than those from HL or YL dams. Litters 
out of HL sows had the highest 21-day litter weights but the differences 
were not significant. Weights of the sows after weaning the fourth 
litter were significantly different with DL sows being heavier than HL or 
YL sows. 
Crossbred females have generally been superior to purebred females 
for litter traits at birth and 21 days of litter age. Numerous authors 
have reported excellent performance for sow productivity traits for 
crosses that include the Landrace breed. In addition, there is evidence 
that crosses utilizing the Hampshire breed in a maternal cross performed 
well when compared to other breeds. Much of the advantage shown in 
litter weight at 21 days is due to larger litters farrowed and a greater 
survival rate. 
Parity of the dam has been found to be a significant source of 
variation for litter traits at birth and 21 days with first parity sows 
generally having fewer and lighter pigs. Season of farrow has been shown 
to affect litter traits but the results have not always been consistent 
across experiments. 
Milk Production and Composition 
Braude et al. (1947) studied differences in composition of milk from 
Large White sows during 12 lactations, six in the summer and six in 
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winter. Milk samples were collected at weekly intervals. As lactation 
advanced, fat and lactose percentages decreased and protein and solids-
not-fat percentages increased. No seasonal differences were detected for 
percentages of solids, fat or solids-not-fat. 
Bowland et al. (1949a) obtained milk composition values for milk 
from two groups of Chester White and Poland China sows. Sows were milked 
on the first day of lactation, the third day, at the end of the first 
week and each subsequent week throughout an eight-week lactation. Milk 
constituents studied were total solids, solids-not-fat, protein, lactose 
and ash. No differences were evident between the Chester White and 
Poland China breeds for all milk constituents studied. Bowland et al. 
(1949b) reported values for percent fat from the same experiment. No 
breed differences were detected in fat content between the Chester White 
and Poland China sows. There was a gradual decline in fat percent as 
lactation advanced. 
Heidebrecht et al. (1951) evaluated the composition of milk from 
first and second parity Hampshire, Duroc and Chester White females. 
Samples were collected 5, 15 and 55 days after farrowing. No consistent 
breed differences in composition were detected and parity and composition 
were not correlated. Samples on day 15 had the lowest content of total 
solids, protein and carbohydrates. Fat percent decreased throughout the 
lactation period. 
Perrin (1954) collected 450 milk samples over 68 lactations from 
Berkshire and Large White x Berkshire sows. During the first three weeks 
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of lactation, fat percent increased, protein percent decreased slowly and 
lactose percent remained constant. The third week of lactation was the 
most critical stage for change in percentages for most components. 
Lodge (1959) evaluated weekly milk samples from eight Wessex Saddle­
back sows over an eight-week lactation period. Protein percent in the 
milk rose steadily while lactose percent decreased over the lactation 
period. Fat percentage showed considerable variation with a tendency to 
peak at week three. Milk from first parity gilts was lower in protein 
and fat and higher in lactose percent. There was a highly significant 
negative correlation between protein and lactose percent (r=-.62). 
Mahan et al. (1970) studied the effect of dietary changes on milk 
production and composition. Milk production estimates were determined on 
days 12, 20 and 28 of lactation with milk samples collected on days 13, 
21 and 29. Protein level in the diet had a significant influence on milk 
production and composition. There was a small but highly significant 
linear decrease in milk solids, fat and energy from 13 to 29 days 
postpartum. Stage of lactation also influenced milk production. A sig­
nificant quadratic increase in milk production occurred from day 13 to 
day 21 with a decrease occurring by day 29. 
Mahan et al. (1971) conducted an experiment to measure milk produc­
tion of lactating sows and to evaluate the validity of short measurement 
periods. Milk production estimates were determined for six second-
litter sows at 24 hourly intervals at 13 days and for four sows at 21 
days after farrowing by weighing the litter before and after nursing. 
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Milk production estimates averaged 347 grams per nursing and did not 
differ between the two time periods. The variance of quantity of milk 
produced decreased as the number of hourly estimates increased. 
Elliott et al. (1971) evaluated composition of milk from Yorkshire 
sows assigned to one of three experimental diets containing 5, 10 or 15% 
crude protein. Milk samples were obtained at 7, 14 and 21 days after 
farrowing. Total solids, solids-not-fat and protein percentages were not 
affected by day of sampling. Milk composition was not affected by 
changes in crude protein percent in the diet. 
Fahmy (1972) compared the composition of milk from 31 sows of the 
Yorkshire, Landrace, Lacombe, Duroc, Hampshire, Berkshire and Large Black 
breeds. Milk samples were collected at 14, 28 and 35 days of lactation. 
Breed was a significant source of variation for fat percent. Yorkshire, 
Hampshire and Lacombe sows were generally higher, Landrace and Duroc sows 
intermediate and Berkshire and Large Black sows lower in milk con­
stituents. Milk from Hampshire sows was highest in fat and protein per­
cent. 
Hemsworth et al. (1976) studied within-1itter variation in the per­
formance of pigs to three weeks of age. Data were collected from 28 
Large White x Berkshire crossbred litters. They observed a significant 
correlation between milk yield (by hand milking) at 5 and 21 days of 
lactation. Birth weight of the pigs was positively associated with milk 
intake of the pig. 
Lewis et al. (1978) studied the relationship between yield and com-
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position of sows' milk and weight gains of nursing pigs. Data were col­
lected from 100 lactations of Landrace x Yorkshire sows. Milk yield of 
the sows was estimated on days 14 and 20 by weighing the pigs before and 
after nursing. Milk samples were obtained by hand milking on days 15 and 
21. Correlations between pig gain, milk yield and composition were all 
positive and significant. Correlations between yield and total solids 
percentage and between yield and nitrogen percentage were very low. 
Solids percentage and nitrogen percentage had a high positive cor­
relation. 
Klaver et al. (1981) studied milk production and composition for 
each of 16 Dutch Landrace sows on three days between days 2 and 12 after 
farrowing. Milk quantity increased and protein content decreased from 
day 2 through day 12 after farrowing. Condition of the sow was the pri­
mary factor influencing milk production and protein content in the sow's 
milk during early lactation. 
Boyd et al. (1982) reported milk production and composition data of 
crossbred sows fed several experimental diets. Sows had a higher level 
of production 12 days after farrowing than at 19 days postpartum. 
Protein and fat percentages were affected by dietary treatment. 
Campbell and Dunkin (1982) studied ten littermate pairs of gilts to 
determine the effect of light vs. heavy birth weight on growth rate and 
milk consumption of pigs reared on the sow to 6.5 kg. Average daily gain 
to 6.5 kg was not affected by birth weight; however, pigs of light birth 
weight were lighter at 21 days of age. The authors stated that the 
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difference in performance of light and heavy pigs may have resulted from 
both receiving a similar plane of nutrition and, therefore, maintaining 
the relative difference in body weight. Heavy birth weight pigs consumed 
more milk per nursing than those of light weight; however, milk intake 
per unit of body weight was similar. Birth weight had little effect on 
the plane of nutrition received by the pigs. 
York and Robison (1985) evaluated milk production in primiparous 
Duroc sows. Milk production of the dams was not highly correlated with 
21-day weight of the litter. They concluded that litter size rather than 
milk yield is the primary determinant of litter weight at 21 days of age. 
Johnston et al. (1986) studied the effect of energy intake on sow 
performance using crossbred sows of Landrace, Hampshire, Yorkshire and 
Duroc breeding. First parity gilts on a high energy diet had a signifi­
cantly higher fat percentage in their milk than those on a low energy 
diet, but the higher fat content did not result in heavier pigs at 21 
days of age. 
Noblet and Etienne (1986) studied yield and composition of milk from 
20 Large White gilts fed either a high or low energy diet during a 21-
day lactation period. Stage of lactation affected milk production and 
composition. Milk production and lactose content increased signifi­
cantly with advancement of lactation. Milk production was maximum at day 
21 in the high energy group and at day 17 in the low energy group. Fat 
and protein content of milk decreased with advancement of lactation. 
Klobasa et al. (1987) evaluated the composition of sow colostrum and 
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milk collected from 25 German Landrace sows at 14 time points during a 
42-day lactation period. Protein, fat and lactose content of the milk 
remained at a nearly constant level during the first three weeks of lac­
tation. Parity and litter size did not influence milk constituents in 
this study. 
The effect of breed of dam on milk components has been reported by 
only a few authors and the results have been inconsistent. Most ex­
periments have been conducted using only a small number of sows so indi­
vidual variation may be the cause of the inconsistent results. Milk 
production of the dam affects pig weight gain and is influenced by stage 
of lactation and parity of the dam. 
Lactation Weight Change 
Omtvedt et al. (1966) studied sow production records of 453 litters 
from five lines of breeding over seven seasons at the Oklahoma Agricul­
tural Experiment Station. The purpose of the project was to investigate 
factors associated with litter weaning weight and to establish the rela­
tionships between sow productivity traits and weight changes of the dam 
during lactation. Weight loss of the dam during lactation was associated 
with an increase in litter size and litter weaning weight. Season and 
line of breeding differences in sow lactation weight changes were sig­
nificant while no significant difference was detected between sows and 
gilts. 
Lodge et al. (1966) used data from 12 groups of three littermate 
Large White gilts during three successive pregnancies to evaluate weight 
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gain during pregnancy and its influence on weight change during lacta­
tion. Total litter weight at three weeks of age was not related to 
weight change in the sow over the eight-week lactation period. The data 
suggested that weight gain during gestation may influence the efficiency 
with which feed consumed during lactation is utilized. Lodge (1969) 
reported that first parity gilts lost more weight during lactation than 
second or third parity sows. 
Baker et al. (1969) studied reproductive performance of first litter 
Hampshire, Yorkshire and Hampshire x Yorkshire crossbred gilts. Cross­
bred dams lost more weight during lactation than purebred dams, probably 
indicating that crossbred dams milked more heavily. Crossbred gilts 
farrowed larger litters containing heavier pigs, and this weight advan­
tage did not decrease during lactation. Feed intake and weight gain 
during gestation had a greater effect on weight gain during lactation 
than feed consumption during lactation. Lactation weight gain decreased 
with increasing feed intake during gestation. 
Fahmy et al. (1971) studied reproductive performance of seven breeds 
of sows bred to produce crossbred progeny. Sows of the white breeds 
(Yorkshire, Landrace, Lacombe) weaned larger and heavier litters but also 
lost more weight during lactation. Hampshire sows lost nearly the same 
amount of weight as Landrace sows. The authors concluded that breeds 
higher in levels of milk constituents lost more weight and generally had 
better litters at weaning than those inferior in milk composition. 
Bereskin and Frobish (1981) studied genetic and environmental 
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effects on sow productivity using 483 first parity litter records from 
Duroc and Yorkshire sows over seven year-seasons. Traits included were 
litter size and weight at birth and 21 days, sow weight gain during 
lactation, length of the gestation period and sow weight change during 
lactation. Lactation weight changes varied considerably among year-
seasons, probably due to differences in management systems. Sows that 
gained more weight during gestation farrowed larger and heavier litters 
that weighed more at 21 days. Total litter weight at 21 days accounted 
for more of the variation in lactation weight change than did litter size 
at 21 days. Sow weight gain during the 42-day lactation period decreased 
and was even negative for some sows as litter weight at 21 days in­
creased. 
Stewart and Drewry (1983) evaluated maternal performance of Duroc 
(DDDY), Hampshire (HHHY) and Landrace (LLLY) backcross gilts. Duroc 
backcross gilts had larger litters at birth and due to more pigs per 
litter, weaned heavier litters. Duroc and Hampshire backcross sows 
weighed significantly more than Landrace crossbred sows at farrowing. 
HHHY sows lost significantly more weight during lactation than the other 
two types and weaned litters that were significantly lighter than those 
out of DDDY sows. Litter weaning weights for the HHHY sows were greater 
than those for the LLLY sows but the differences were not significant. 
Ferguson et al. (1985) used Yorkshire and Duroc litter records to 
estimate genetic, phenotypic and environmental relationships between sow 
body weight and sow productivity traits. Heritability estimates for 
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weight of dam at farrowing and weight of dam at weaning were high for 
both breeds while estimates for weight loss during lactation were low, 
indicating a large environmental component. Phenotypic correlations 
between weight of the dam at farrowing and litter traits were positive 
indicating that heavier sows at farrowing were more productive. Corre­
lations of weight of the dam at weaning and weight loss during lactation 
with litter traits were mostly negative suggesting that as weight of the 
sow at weaning decreases, there is a tendency for litter traits to 
increase. The authors concluded that as sow productivity traits are 
improved by selection, there is a positive correlated response in sow 
body weight. 
Esbenshade et al. (1986) studied the weight and body condition of 
sows in a commercial swine unit and the relationship of changes in these 
traits to reproductive performance. Sows were weighed during the third, 
ninth and fifteenth week of gestation and the day after weaning. Changes 
in weight during gestation were negatively correlated with weight changes 
during lactation. Significant negative correlations were found between 
sow weight loss during lactation and number born alive, number weaned, 
adjusted 21-day litter weight and sow productivity index. First parity 
gilts lost more weight during lactation than second parity females but 
the differences were not significant. 
In summary, most authors have concluded that sow weight loss during 
lactation is associated with an increase in litter size and litter 
weaning weight. Most studies have used litter weaning weights at 42 or 
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56 days so these may be influenced to some degree by creep feed consump­
tion of the litter and by sow feed consumption during lactation. 
Performance and Carcass Traits 
Kuhlers et al. (1972) evaluated carcass and production traits of 192 
pigs of Yorkshire and Poland China breeding. Purebred and reciprocal 
cross matings were included in the study. Heterosis effects were 
significant for average daily gain from 56 days of age to 90 kg in weight 
but were not significant for average daily feed intake, feed efficiency 
and carcass traits. 
Johnson et al. (1973) analyzed feedlot performance records on 941 
barrows and gilts and carcass measurements on 190 barrows and gilts from 
phase 1 of the Oklahoma crossbreeding project. All purebred and recipro­
cal cross matings of the Duroc, Hampshire and Yorkshire breeds were 
evaluated for differences between purebred and reciprocal crosses and for 
heterosis effects. Purebred Hampshire pigs had less backfat, more loin 
muscle area and more total yield of lean cuts. Heterosis effects were 
significant for average daily gain (10.2%), age at 100 kg (5.2%) and 
daily feed consumption (5.9%). There was little evidence for heterosis 
for carcass measurements. Reciprocal differences between Hampshire x 
Yorkshire and Yorkshire x Hampshire pigs were significant for performance 
and carcass traits. Hampshire x Yorkshire pigs were superior for average 
daily gain, feed efficiency, feed consumption, carcass length, backfat 
and loin muscle area. 
Schneider et al. (1974) reported heterosis estimates from the Iowa 
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State crossbreeding study involving the Chester White, Duroc, Hampshire 
and Yorkshire breeds. Data included carcass results on 509 pigs. 
Crossbreds were superior to purebred pigs for carcass length (.43 cm; 
.5%) and loin muscle area (1.3 cmf; 3.8%). 
Nelson and Robison (1976) evaluated reciprocal crosses of the Duroc, 
Hampshire and Yorkshire breeds. Two-way cross females were mated to 
Poland China boars and boars of the third breed not included in the 
cross. Hampshire sired pigs were leanest for both the two- and three-
way crosses. Reciprocal cross females produced pigs with similar backfat 
measurements. Crosses involving the Hampshire and Duroc breeds produced 
pigs that were leaner than those from Yorkshire x Hampshire and Hampshire 
X Yorkshire females. 
Young et al. (1976b) analyzed feedlot records of 2,111 pigs from all 
purebred and two-way cross matings of the Duroc, Hampshire, and Yorkshire 
breeds. Carcass traits were measured on a random sample of 392 barrows. 
Hampshire barrows were leaner and had more loin muscle area than purebred 
Duroc and Yorkshire barrows. Positive heterosis effects were significant 
for average daily gain, feed efficiency, daily feed consumption and 
carcass length with a general lack of heterosis noted for all other 
carcass traits. Comparisons of reciprocal crosses showed that Yorkshire 
X Hampshire pigs ate more feed and had more probe backfat while Hamp­
shire X Yorkshire pigs had less carcass backfat, more loin muscle area 
and higher percent lean cuts. 
Kuhlers et al. (1977) studied performance and carcass traits of pigs 
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from Poland China, Yorkshire and reciprocal cross matings. Pigs were fed 
individually from 56 days of age to 90 kg. Crossbreds were superior to 
purebreds for average daily gain (11.8%), daily feed consumption (5.3%), 
feed efficiency (5.2%) and loin muscle area (4.5%). 
Johnson et al. (1978) reported results from the second phase of the 
Oklahoma crossbreeding project involving the Duroc, Hampshire and 
Yorkshire breeds. Growth and feed efficiency records were collected on 
1,246 two-breed and 1,599 three-breed cross barrows and gilts. Carcass 
merit was evaluated on 252 two-breed and 261 three-breed cross pigs. In 
general, the maternal effects of crossbred females were equal to the 
average of the purebred females that made up the cross. Loin muscle area 
was the only trait for which maternal heterosis was significant. Few 
differences in performance of the progeny of reciprocal cross females 
were significant. 
Kennedy and Conlon (1978) compared the records of pigs from Landrace 
females mated to Hampshire, Duroc, Hampshire x Duroc and Landrace boars. 
Crossbred pigs were superior to purebred Landrace pigs for average daily 
gain, age at slaughter, backfat and carcass index. 
Kuhlers et al. (1980) evaluated records from 133 litters that 
resulted from mating Landrace females to Duroc, Yorkshire and Landrace 
boars. Performance was evaluated on a pen mean basis. Crossbred pigs 
ate more feed, grew faster and were more efficient than purebred Landrace 
pigs. They were also leaner and had more loin muscle area and percent 
lean cuts. Differences in carcass length and dressing percent were not 
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significant. 
Wilson and Johnson (1981a) reported data from three-breed and 
backcross litters that resulted from mating Duroc x Hampshire, Duroc x 
Yorkshire and Hampshire x Yorkshire females to Duroc, Hampshire and 
Yorkshire boars. Differences between sire breeds and crossbred dam 
groups for post weaning performance were significant. Pigs with Duroc 
breeding grew fastest and those with Hampshire breeding were leanest. 
Differences in average daily feed intake were small and not significant. 
Wilson and Johnson (1981b) estimated genetic parameters from data on 
1,243 litters from the Oklahoma crossbreeding experiment. The data were 
taken from three experiments in which purebred, two-breed cross, three-
breed cross and backcross pigs of Duroc, Hampshire and Yorkshire breeding 
were produced. Previous results were reported by Young et al. (1976a, 
1976b), Johnson et al. (1978) and Wilson and Johnson (1981a). Direct 
genetic and maternal effects were significant for feed efficiency and 
backfat probe. Individual heterosis was significant for feed efficiency 
and days to 100 kg. Maternal heterosis estimates were not significant 
for any of the three performance traits. 
Kuhlers et al. (1981) evaluated pigs from matings of Duroc, Spotted 
and Hampshire boars to Landrace, Duroc x Landrace and Yorkshire x 
Landrace females. Differences between pigs from crossbred and purebred 
dams were not significant for average daily gain and daily feed consump­
tion. Pigs out of crossbred sows were more efficient than pigs out of 
purebred Landrace sows. 
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Johnson (1981) presented a review of swine crossbreeding experi­
ments. Specific estimates of heterosis for average daily gain ranged 
from .04 to .09 kg/d with most estimates between .05 and .08 kg/d. 
Nearly all estimates were significant. Heterosis estimates for feed 
conversion were positive for all crosses. Individual heterosis estimates 
for carcass measurements were generally small and not significantly 
different from zero. Maternal heterosis estimates for post weaning 
performance and carcass merit were small suggesting that maternal 
heterosis effects are unimportant beyond weaning. 
Breed of dam and breed of sire effects were not the same for carcass 
traits indicating the presence of maternal effects. Direct genetic 
effects for the Hampshire and Landrace breeds were above average for 
carcass length and Hampshires also excelled in backfat and loin muscle 
area. Landrace were well below average in loin muscle area. Maternal 
effects were large for backfat and loin muscle area and small for carcass 
length. Reciprocal cross differences for growth rate were small and 
inconsistent but were large for feed conversion and carcass backfat. 
Schneider et al. (1982c) estimated heterosis effects from data taken 
from the Iowa State crossbreeding study. Individual and maternal 
heterosis estimates for carcass traits were generally small and not 
significant. Maternal heterosis was significant for dressing percent 
(.42; .6%). 
Kuhlers et al. (1982) compared crosses of Duroc x Landrace, Spotted 
X Landrace and Hampshire x Landrace females bred to Duroc, Spotted and 
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Hampshire boars. Sire breed effects were significant for pen feed 
efficiency and daily feed consumption but were not significant for 
average daily gain. Hampshire sired pigs ate less feed and had a better 
rate of feed conversion than pigs sired by Spotted boars. Duroc sired 
pigs were more efficient than Hampshire sired pigs even though daily feed 
consumption was equal for the two groups. 
Bereskin (1983) used performance records of 223 boars and gilts in 
Duroc and Yorkshire selected and control lines and 231 boars and gilts 
from reciprocal breed crosses to evaluate maternal and heterosis effects. 
Maternal effects were significant for the Yorkshire breed for an index 
that included average daily gain, backfat and loin muscle area. 
Toelle and Robison (1983) used crossfostering techniques to evaluate 
breed and heterosis effects for the Duroc and Yorkshire breeds and their 
crosses. Heterosis estimates were 8.0% for backfat adjusted to 104 kg, 
13.7% for average daily gain and 7.7% for unadjusted backfat. 
Bereskin and Steele (1986) evaluated records of 255 boars and gilts 
in selected and control lines of Durocs and Yorkshires and their recipro­
cal crosses. Heterosis for average daily gain was 8.2% and was 1% or 
less for average backfat and loin muscle area. 
McLaren et al. (1987b) analyzed records from an experiment at the 
Oklahoma Agricultural Experiment Station involving the Duroc, Yorkshire, 
Landrace and Spotted breeds. Purebred and Fj boars were mated to Fj 
females to produce all possible three- and four-breed cross pigs. 
Individual average daily gain, age at 100 kg and probed backfat thickness 
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records were collected on 3,456 pigs. Feed efficiency and average daily 
feed consumption were evaluated on a pen mean basis. Duroc sired pigs 
grew more efficiently and were leaner than those from other sire groups. 
Landrace sired pigs were fatter than other sire groups. Recombination 
effects were negligible for post weaning performance traits but did 
approach significance for probed backfat thickness at 100 kg. There was 
no difference in feedlot performance between pigs sired by purebred and 
crossbred boars. 
Buchanan (1987) presented a review of research comparing the 
performance of progeny of purebred and crossbred boars. Differences in 
average daily gain, feed efficiency and carcass traits were generally 
smal1. 
McLaren (1987a) estimated individual heterosis and direct and 
maternal breed effects for average daily gain, off-test age and probed 
backfat thickness. Data on 1,664 pigs produced in a complete diallel 
mating system involving the Duroc, Yorkshire, Landrace and Spotted breeds 
were used. The same genetic parameters were estimated for various 
carcass traits using data collected on 269 barrow carcasses. Individual 
heterosis estimates were significant for average daily gain (.07 kg/d; 
10.5%), off-test age (-14 d; 7.5%) and probed backfat (.83 mm; 3.2%). 
There was little or no heterosis for carcass traits. Maternal effects 
for carcass traits were important for crosses involving the Duroc breed. 
Langlois and Minvielle (1989) reported data on 306 pigs evaluated 
for growth and carcass traits. Pigs included were from matings of 
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Hampshire, Duroc, Yorkshire and Landrace sires to Yorkshire x Landrace 
females. Hampshire sired pigs were leaner and had shorter carcasses than 
those sired by Landrace boars. Differences between pigs sired by 
Hampshire and Landrace boars for feed efficiency and average daily feed 
consumption were not significant. 
Kuhlers et al. (1989) studied data on 10,169 pigs from 844 litters 
that resulted from mating Duroc, Hampshire and Yorkshire boars to Duroc x 
Landrace, Hampshire x Landrace and Yorkshire x Landrace females. Breed 
of sire effects were significant for average daily gain, daily feed 
consumption and feed efficiency on a pen basis. Dam breeding was 
significant for average daily gain and feed efficiency. For average 
daily gain, Duroc sired pigs grew faster than Yorkshire sired pigs while 
performance of Hampshire sired pigs was not significantly different from 
that of Duroc or Yorkshire sired pigs. Pigs sired by Hampshire boars had 
the lowest average daily feed consumption. Hampshire and Duroc sired 
pigs were superior to Yorkshire sired pigs for pen feed efficiency. 
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SECTION I. MATERNAL TRAITS 
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ABSTRACT 
Hampshire and Landrace sows and crossbreds of the two breeds were 
used to determine heterosis and recombination effects for milk produc­
tion, milk composition and litter traits at birth and 21 days. Twelve 
mating types were represented in this study: two purebred, two Fj, two 
Fg, two Fg and four backcross. Information was gathered on a total of 
358 litters over four replications. Milk production was measured at 10 
and 20 d of litter age by using a modification of the weigh-suckle-weigh 
procedure used by Speer and Cox (1984). This procedure involved weighing 
litters before and after nursing at five one-hour intervals on the days 
each litter reached the two designated ages. Milk samples were collected 
at 10 and 20 d of litter age and evaluated for percent fat (PCFA), pro­
tein (PCPR), lactose (PCLA) and solids-not-fat (PCSN). The model used to 
evaluate the data included mating type, parity, replicate and number of 
pigs nursed as a covariate. Estimates of maternal genetic effects showed 
that Landrace were superior to Hampshire females for number born (NB), 
number born alive (NBA), litter birth weight (LBW), adjusted 21-day lit­
ter weight (ALW) and milk production at 10 d of litter age (WTIO). Hamp-
shires were superior to Landrace for PCPR at 10 d of litter age and PCSN 
at 10 and 20 d of litter age. Heterosis effects were significant (P<.05) 
for NBA (.97) and LBW (1.46 kg). Maternal heterosis effects were signif­
icant for LBW (3.94 kg; P<.01). Epistatic recombination losses in the 
offspring were significant for LBW (6.80 kg; P<.05). Differences in 
maternal performance of reciprocal Fj dams were not significant. 
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INTRODUCTION 
Diversity among breeds of swine offers the opportunity to increase 
production efficiency in a commercial swine operation through the use of 
crossbreeding systems. Specific crossbred combinations allow maximum 
utilization of heterosis and of breed differences in maternal and 
paternal performance. 
Reproductive rate and the relative magnitude of heterosis, recombi­
nation effects and of breed differences in individual, maternal and 
paternal performance determine the most advantageous method of utilizing 
genetic differences among breeds (Dickerson, 1973). There is more 
advantage in the use of crossbreeding or synthetic breeds over pure 
breeds when individual and maternal heterosis is large. Large breed 
differences in maternal or paternal performance indicate the use of some 
type of specific cross rather than rotational crossbreeding or synthetic 
breeds. If potential recombination loss is important, crossbreeding has 
greater advantage over synthetics in utilizing breed differences. 
the objectives of this study were to estimate direct and maternal 
effects, individual and maternal heterosis and recombination effects for 
maternal performance traits for the Hampshire and Landrace breeds of 
swine. Additional objectives were to compare reciprocal dam effects and 
the use of purebred and crossbred sires. 
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MATERIALS AND METHODS 
Data Description 
Data used in this study were from an experiment involving the 
Hampshire (H) and Landrace (L) breeds at the Iowa State University 
Bilsland Memorial Research Farm. The mating design for the project was a 
balanced two-breed design involving three generations of crossbreeding 
(Malik, 1984). Year 1 of the project consisted of the production of 
purebred and reciprocal Fj crossbred litters from the mating of purebred 
sires and dams. Year 2 was the same as year 1 with Fg crosses added. 
Backcross and Fg matings were added in the third year. Mating types were 
produced contemporaneously within replicate to minimize environmental 
influences. A total of 358 litters from two replicates in each of the 
second and third years was used in the analysis. 
The initial breeding stock used was taken from lines available at 
the Bilsland Farm or purchased from private breeders and was considered 
to be representative of the two breeds. An attempt was made to keep 
inbreeding at a minimum, otherwise all matings were made at random. 
Culling of sows to maintain equal numbers in the mating groups was done 
at random. No sows were culled from the study due to sow or pig perform­
ance. 
All breeding stock was housed in open-fronted buildings located in 
large concrete floored pens during gestation. Farrowing took place in 
farrowing pens in an environmentally controlled building. Sows and their 
litters were moved to individual open-fronted lactation pens with 
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concrete floors and straw bedding at 3-7 days of litter age. Sows were 
limit-fed 1.8 to 2.3 kg per day of a 15% corn-soybean meal-premix ration 
during gestation and were fed the same ration ad libitum during lacta­
tion. Pigs were given access to creep feed after milk production 
estimates were recorded at 20 days of litter age. 
Litter traits evaluated were number born (NB), number born alive 
(NBA) and litter birth weight (LBW). Average pig birth weight (ABW) was 
calculated by dividing litter birth weight by number born. Litters were 
weighed 20-22 days after farrowing and adjusted 21-day litter weights 
were calculated using National Swine Improvement Federation (NSIF, 1987) 
adjustments for number of pigs nursed, parity of the dam and age of the 
litter at weighing. 
Milk production of the dam at 10 (WTIO) and 20 (WT20) days of litter 
age was estimated by evaluating litter weight gain using a modification 
of the weigh-suckle-weigh procedure used by Speer and Cox (1984). All 
pigs were removed from the sow in the morning and confined to the creep 
area. One hour later the litter was weighed, placed with the sow and 
allowed to nurse. At the first movement of a pig away from the sow, the 
pigs were gathered up, weighed and placed back in the creep area. This 
procedure was repeated at hourly intervals for five consecutive hours. 
The nursing interval of one hour was used to simulate normal nursing 
behavior of the litter during the first few weeks of lactation (Mahan et 
al., 1971). 
Weight gained by the litter during nursing was recorded and used to 
36 
estimate the hourly milk production of the sow. The first two hours were 
considered an adjustment period and the data was discarded. The average 
of the measurements at hour 3 through 5 was used for the final estimate 
of milk production of the dam. 
Milk composition was evaluated using milk samples collected from the 
dams of the litters one hour after the weigh-suckle-weigh procedure was 
completed. A 3 ml injection of oxytocin was given intramuscularly into 
the sow to stimulate milk release and a 30 ml milk sample was drawn from 
the functional glands of the sow. Milk samples were stored under refrig­
eration until analyzed for the following components: percent fat (PCFA), 
percent protein (PCPR), percent lactose (PCLA) and percent solids-not-
fat (PCSN). Samples were collected at 10 and 20 days of litter age. 
Milk samples were tested by using a Multispec 2 instrument equipped 
with infrared light. Instrument calibrations were made using wet 
chemistry results from representative samples. Samples were analyzed for 
solids by the Mojonnier method, fat using the Babcock test, lactose using 
the HPLC procedure and for protein (Horwitz, 1980; Richardson, 1985). 
Percent solids-not-fat was obtained by difference. 
Sows were weighed within 24 hours after farrowing and again at 21 
days of litter age. These data were used to determine changes in sow 
weight during lactation. 
Statistical Analysis 
The theory for estimating genetic parameters from crossbreeding data 
was proposed by Dickerson (1969, 1973). The genetic parameters estimated 
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in this study are as follows: 
g° = average direct effects of the offspring, 
g^ = maternal genetic effects, 
h° = heterosis in the crossbred progeny, 
h^ = heterosis in the crossbred dam, 
r° = recombination losses in the offspring, 
r = recombination losses in the dam. 
The contributions of h°, h^, r°, and r^ in the two-breed cross 
mating system are given in Table 1 (Dickerson, 1969, 1973; Malik, 1984). 
Table 1. Partitioning of crossbred performance as a deviation from 
purebred mean into heterosis and recombination effects 
Crossbreeding parameters* 
Mating system h° h^ r° r'^ 
Two-breed cross 
1 0 0 0 
% 1 0 
% % % 
% 1 & 0 
*h° = individual«heterosis, h^ = maternal heterosis, r° = individual 
recombination loss, r = maternal recombination loss. 
= backcross mating of parental breed x Fj. 
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Dickerson (1969) described individual heterosis as the deviation 
from parental averages "due to increased average heterozygosity of Fj 
crossbreds from A males x B females, or reciprocals, including any 
nonallelic interaction of A with B gametes." Maternal heterosis is the 
result of the dam being a crossbred. Recombination losses occur in the 
F2 and backcross generations due to segregation and recombination of 
genes brought together from the two purebred parents in the Fj. The r 
parameters measure deviations from the linear association of heterosis 
with the degree of heterozygosity and the coefficients describe the 
average fraction of independently segregating pairs of loci in gametes 
from both parents which are expected to be nonparental combinations 
(Dickerson, 1973). 
Equations for the expected contribution of genetic effects in 
purebred Hampshire (H) and Landrace (L) and their crosses are presented 
in Table 2 (Malik, 1984). 
Estimation of genetic effects (Table 3) is made by mating type 
comparisons where the mean of a crossbred type represents the value of 
the reciprocal crosses in that type (Malik, 1984). 
Several models were used to analyze various portions of the data 
utilizing the General Linear Models procedure of the Statistical Analysis 
System (SAS, 1985). All two- and three-factor interactions of main 
effects were included in the initial analysis of the data and were not 
significant and thus were excluded from the final models. 
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Table 2. Equations® for expected contribution of genetic effects in 
purebred Hampshire and Landrace and their crosses 
PB H = g° + g" 
L = g^ gj 
Fj HL = hg° + %g° + g^ + hj^ 
LH = %g° + + gM + h^L 
Fg HL^ or LH^ = %gg + ^ g° + %g[| + %g[* + thg^ + hfj^ + Srg^ 
Fg HL^ or LH^ = %gg + + %g}] + %gj + ^ hj^ + + %rjL+ îsrj],^ 
H(HL) or H(LH) = %gg + ^ g° + J?g[] + hg^ + hh°^_ + hj]^ + trg^ 
L(HL) or L(LH) = ^gg + %gg + %g[] + %g{^ + thg^ + 
^First letter represents breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace. 
''BJ = backcross mating of parental breed x Fj. 
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Table 3. Estimation of genetic effects 
Effects Mating type comparison* 
'H - 9° HH - LL + HL - LH 
LH - HL 
- P 
< 2Bi - Fg - V(P + Fj) 
4(F2 - Bj) 
2F3 + 2Bj - SFg - MFj + P) 
*Bar over designation represents its mean. P=(HH + LL)/2; B,=back-
cross mating of parental breed x Fj. 
Litter traits of number born, number born alive, litter birth 
weight, average pig birth weight and sow weight 24 hours post farrowing 
were analyzed using the following model: 
*ijkl - * + + Pj + + ®ijkl 
where 
Yijki = the observation of the 1^*^ litter in the replicate in 
the parity of the i^*^ mating type, 
fi = overall mean, 
m. = fixed effect common to the i^*^ mating type. 
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Pj = fixed effect common to the parity, 
r|^  = fixed effect common to the replicate and 
®ijkl " random residual error. 
A covariate for the linear regression of Y on the number of pigs 
nursed was added to this model for the traits of milk production and milk 
composition at 10 and 20 days of litter age and for sow weight change 
from 24 hours post farrowing to 21 days of litter age. The model for 
adjusted 21-day litter weight also included covariates for sow weight 24 
hours post farrowing, sow weight change during lactation and the interac­
tion of mating type and the regression of Y on sow weight change during 
lactation. 
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RESULTS AND DISCUSSION 
Litter Traits 
Least squares means for litter traits at birth are presented in 
Table 4 and linear contrasts among mating types are given in Table 5. 
Estimates of genetic effects are listed in Table 6, and analyses of 
variance for these traits are given in Table A1 in Appendix A. 
Main effects 
The main effect of mating type was significant (P<.01) for number 
born, number born alive and litter birth weight. Purebred Landrace 
females farrowed larger and heavier litters (P<.01) than Hampshire 
females and purebred Landrace litters were heavier at birth than purebred 
Hampshire litters. Litters out of crossbred sows were heavier at birth 
but litters sired by purebred boars were heavier than those sired by 
crossbred boars. Comparisons of reciprocal Fj dams indicated there was 
little difference between HL and LH dams for the litter traits measured. 
Parity was a significant source of variation for NB, NBA, LBW and ABW. 
Second and third parity females farrowed larger and heavier litters and 
heavier individual pigs than first litter gilts. 
Parameter estimates 
Estimates of maternal genetic effects showed that Landrace were 
superior to Hampshire for NB, NBA and LBW. Individual heterosis esti­
mates of .86 for NB, ,97 for NBA and 1.46 kg for LBW are higher than 
estimates reported by Sellier (1976), Young et al. (1976) and Johnson 
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Table 4. Least squares means and standard errors for litter traits* at 
birth by mating type and parity 
Source No. NB NBA LBW,KG ABW,kg 
X 358 10.75±.16 10.13±.15 17.56±.25 1.67±.02 
Mating type^ ** ** ** 
H X H 42 9.87±.46 9.37±.43 16.11± .65 1.66±.04 
H X L 33 12.44±.52 11.85±.48 20.74± .75 1.70±.05 
L X H 32 9.99±.52 9.50±.49 16.66± .74 1.69±.05 
L X L 31 10.83±.53 10.04±.49 18.37± .75 1.75±.05 
H X HL 15 11.04±.77 10.90±.72 19.68±1.10 1.81±.07 
H X LH 15 11.37±.77 10.43±.72 19.03±1.10 1.72±.07 
L X HL 15 13.17±.79 12.90±.74 21.95±1.12 1.69±.08 
L X LH 10 11.73±.95 10.81±.88 21.18±1.35 1.78±.09 
HL^ 59 11.39±.40 10.71±.38 18.96± .57 1.71±.04 
LH^ 63 ll.12i.39 10.25±.36 18.06± .55 1.68±.04 
HL^ 22 11.61±.70 10.82±.65 17.94± .99 1.57±.07 
LH^ 21 9.73±.72 9.05±.67 16.60±1.02 1.76±.07 
Parity * * ** ** 
1 214 10.47±.23 9.91±.22 16.74± .33 1.63+.02 
2 100 11.08±.32 10.61±.30 19.02± .46 1.76±.03 
3 44 12.02±.52 11.14±.49 20.32± .74 1.74±.05 
®NB = number born, NBA = number born alive, LBW = litter birth 
weight, ABW = average pig birth weight. 
''First letter represents breed of sire and second letter represents 
2 breed of dam; H = Hampshire, L = Landrace; HL and LH are F, matings; HL 
2 3 3 
and LH are Fg matings; HL and LH are Fg matings. 
*P<.05. 
**P<.01. 
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Table 5. Comparisons among mating types® for litter traits^ 
NB NBA LBW,kg ABW,kg 
Comparison of purebred and crossbred dams (Purebred - crossbred) 
-.61±.37t -.55±.35 -1.08±.53* -.01±.04 
Comparison of purebred and crossbred sires (Purebred - crossbred) 
.34±.35 .52±.33 1.20±.50* .05±.03 
Comparison of Fj dams (HL - LH) 
.46±.55 1.01±.52t 1.11±.79 .01±.05 
Purebred difference (HH - LL) 
-.95±.68 -.67±.63 -2.26±.97* -.09±.07 
Comparison of purebred sires (H - L) 
-.25±.47 -.18±.44 -.40±.66 -.01±.05 
Comparison of purebred dams (H - L) 
-1.70±.49** -1.51±.46** -3.17±.70** -.05±.05 
*First letter represent breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace. 
^NB = number born, NBA = number born alive, LBW = litter birth 
weight, ABW = average pig birth weight. 
tP<.10. 
*P<.05. 
**P<.01. 
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Table 6. Estimates of genetic effects for litter traits* at birth 
Effect^ NB NBA LBW,kg ABW,kg 
9H - 9° 1.50±.99 1.68±.92t 1.83±1.41 -.08±.10 
gM.gM 
H L 
-2.45±.72** -2,35±.67** -4.08±1.03** -.01±.07 
h° 
"HL .86±.49t .97±.46* 1.46±.70* -.01±.05 
% 8.3 10.0 8.5 -0.44 
h" 
HL 1.62±1.01 1.86±.95f 3.94±1.44** .Il+.IO 
% 15.6 19.2 22.9 6.22 
-2.29±2.26 -3.13±2.11 -6.80±3.22* -.22±.22 
r:L .44±1.88 .77±1.76 1.45±2.68 .04±.18 
®NB = number born, NBA = number born alive, LBW = litter birth 
weight, ABW = average pig birth weight. 
^g° = average direct effects of the offspring, g^ = maternal genetic 
effects, h° = heterosis in the crossbred progeny, h^ = heterosis in the 
crossbred dam, r° = recombination loss in the offspring, r^ = recombina­
tion loss in the dam. 
tP<.10. 
*P<.05. 
**P<.01. 
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(1980). Maternal heterosis was significant for litter birth weight 
{P<.01). Other researchers have reported an advantage for Fj females 
over purebred females for LBW (Johnson and Omtvedt, 1973; Johnson et al., 
1978; Schneider et al., 1982; Jungst and Kuhlers, 1984). A significant 
individual recombination loss for litter birth weight indicates that 
purebred boars sired heavier litters than Fj boars when both groups were 
mated to Fj females. Recombination estimates for NB and NBA were in the 
same direction but were not significant. 
Milk Production 
Least squares means for three estimates of milk production are 
presented in Table 7. Milk production of the dam is estimated by 
adjusted 21-day weight of the litter and by litter weight gain estimates 
using the weigh-suckle-weigh method. Mating type comparisons and 
estimates of genetic effects for these traits are given in Tables 8 and 
9, respectively. Analyses of variance for these traits are given in 
Tables A2 and A3 in Appendix A. 
Main effects 
Mating type was a significant source of variation for adjusted 21-
day litter weight. Crossbred dams had heavier litters (P<.01) than 
purebred females at 21 days of litter age. Kuhlers et al. (1981) 
reported that litters from crossbred Landrace sows were heavier at 21 
days (P<.01) than those from purebred Landrace sows. Landrace sows 
nursing purebred or crossbred litters in this study were superior to 
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Table 7. Least squares means and standard errors for adjusted 21-day 
litter weight and milk production at 10 and 20 days of litter 
age by mating type and parity 
Source No. ALW*,kg WT10b,g/hr WT20^,g/hr 
X 341 54.24±0.48 219±7 245±11 
Mating type^ ** 
H X H 39 49.58±1.27 211±22 294±33 
H X L 31 52.66±1.33 267±24 258±37 
L X H 31 50.62±1.36 197±24 230±37 
L X L 31 53.12±1.40 212±24 226±37 
H X HL 15 56.08±2.12 177±36 192±54 
H X LH 15 55.51±1.98 241±36 263±54 
L X HL 14 57.88±2.20 239±37 249±56 
L X LH 10 52.39±2.39 249±44 274±67 
HL^ 56 56.58±1.12 251±19 236±28 
LH^ 58 54.48±1.05 200±18 234±27 
HL^ 21 54.48±1.81 254±32 215±50 
LH^ 20 56.49±1.93 273±33 338±50 
Parity ** 
1 202 54.06± .70 206±11 237±17 
2 95 55.53± .92 261±15 265±23 
3 44 52.88±1.64 229±24 250±37 
^ALW = adjusted 21-day litter weight. 
^WTIO = milk production at 10 days of litter age. 
^WT20 = milk production at 20 days of litter age. 
^First letter represents breed of sire and second letter represents 
2 breed of dam; H = Hampshire, L = Landrace; HL and LH are F, matings; HL 
2 3 3 
and LH are Fg matings; HL and LH are Fg matings. 
**P<.01. 
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Table S. Comparisons among mating types* for adjusted 21-day litter 
weight and milk production at 10 and 20 days of litter age 
ALwb,kg WT10^,g/hr WT20^,g/hr 
Comparison of purebred and crossbred dams (Purebred - crossbred) 
-3.61±1.16** -15±17 2±26 
Comparison of purebred and crossbred sires (Purebred - crossbred) 
-1.00±1.14 -23±16 -7±25 
Comparison of Fj dams (HL - LH) 
1.25±1.90 -8±26 -31±39 
Purebred difference (HH - LL) 
-4.60±1.95* -2±32 68±48 
Comparison of purebred sires (H - L) 
1.26+1.51 -1±22 7+33 
Comparison of purebred dams (H - L) 
-4.73±1.55** -36±23 20±35 
®First letter represent breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace. 
^ALW = adjusted 21-day litter weight. 
^WTIO = milk production at 10 days of litter age. 
^WT20 = milk production at 20 days of litter age. 
*P<.05. 
**P<.01. 
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Table 9. Estimates of genetic effects for adjusted 21-day litter weight 
and milk production at 10 and 20 days of litter age 
Effect* ALwb,kg WTlO^.g/hr WT20^,g/hr 
9H • 9° .25±2.93 68±46 97±69 
g" - 9L -4.85±2.31* -70±33* -28±51 
'SL 
% 
1.90±1.47 
3.7 
21±23 
9.7 
-16±35 
-6.2 
% 
6.34±3.30t 
12.3 
6±47 
2.8 
2±72 
0.9 
•"HL -8.75±7.54 -4±105 -39±160 
10.77±5.88t 92±87 85±133 
= average direct effects of the offspring, = maternal genetic 
effects, h° = heterosis in the crossbred progeny, h^ = heterosis in the 
crossbred dam, r° = recombination loss in the offspring, r^ = recombina­
tion loss in the dam. 
^ALW = adjusted 21-day litter weight. 
^WTIO = milk production at 10 days of litter age. 
^WT20 = milk production at 20 days of litter age. 
fP<.10. 
*P<.05. 
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Hampshire sows for ALW. Significant linear regressions for ALW on sow 
weight after farrowing and on number of pigs nursed indicated a positive 
association between these traits. 
Milk production estimates at 10 and 20 days in this study were simi­
lar to those found by Lewis et al. (1978) and Speer and Cox (1984) at day 
14 and day 20 of lactation. Larger estimates were reported by Mahan et 
al. (1971) at day 13 and day 21 and Boyd et al. (1982) at day 12 and day 
19. The effect of mating type was not significant for WTIO or WT20 and 
parity differences were significant for WTIO but not for WT20. Second 
and third parity females were superior to first litter gilts for WTIO. 
Speer and Cox reported a significant difference between first and second 
parity females for milk production estimates on day 14 of lactation. 
The linear regression of milk production on number nursed was 
significant at both 10 and 20 days of litter age. Coefficients were 15 g 
of milk per hour at 10 days and 14 g of milk per hour at 20 days of age 
for every pig increase in number nursed. 
Parameter estimates 
Maternal genetic effects were significant for ALW and WTIO indicat­
ing that Landrace were superior to Hampshires. Estimates of maternal 
heterosis and maternal recombination effects for ALW approached sig­
nificance (P<.10). The maternal heterosis estimate of 6.34 kg in this 
study is similar to values reported by Johnson and Omtvedt (1973), 
Schneider et al. (1982) and Johnson et al. (1978) and is lower than the 
value of 8.66 kg reported by Jungst and Kuhlers (1984). Maternal 
51 
heterosis estimates for WTIO and WT20 were small and not important. 
Sow Weight Change 
Least squares means for sow weight 24 hours post farrowing (PFW) and 
lactation weight change (WTCH) are listed in Table 10. Mating type 
comparisons are given in Table 11, and analyses of variance for these 
traits are given in Tables A4 and A5 in Appendix A. 
Main effects 
The main effects of mating type and parity were significant (P<.01) 
for PFW. Crossbred sows weighed more than purebred sows after farrowing 
and Hampshire sows weighed more than Landrace sows (P<.01). As expected, 
sows were heavier with each succeeding lactation. 
Main effects of mating type and parity were not significant (P<.05) 
for WTCH although linear contrasts showed that crossbred sows lost more 
weight during the first 21 days of lactation. The linear regression of 
WTCH on number of pigs nursed was significant (P<.01) indicating that 
sows nursing larger litters lost more weight during the first three weeks 
of lactation. Omtvedt et al. (1966) and Fahmy et al. (1971) reported 
that sow weight loss during lactation was associated with larger and 
heavier litters at weaning. 
Milk Composition 
Tables 12 and 13 list least squares means for the four milk compo­
nents evaluated at 10 and 20 days of litter age, respectively. Mating 
type comparisons are reported in Tables 14 and 15 and estimates of 
52 
Table 10. Least squares means and standard errors for sow weight 24 
hours post farrowing and lactation weight change from 24 hours 
post farrowing to 21 days of litter age by mating type and 
parity 
Source No. PFW*,kg WTCnb.kg 
X 342 186.9±1.8 9.9± .7 
Mating type^ 
H X H 39 
** 
202.6±3.5 8.6±2.0 
H X L 32 187.0±4.0 8.7±2.2 
L X H 31 202.0±4.0 9.9±2.2 
L X L 31 186.5±4.0 6.0±2.2 
H X HL 15 213.1±5.8 17.0±3.2 
H X LH 15 212.2±5.8 12.0±3.2 
L X HL 14 223.0±6.2 15.2±3.4 
L X LH 10 204.2±7.2 9.7±3.9 
HL^ 56 206.0±3.1 12.1±1.7 
LH^ 58 203.0±2.9 10.5±1.6 
HL^ 21 199.5±5.3 12.5±2.9 
LH^ 20 209.7±5.4 9.6±3.0 
Parity ** t 
1 202 171.7±1.8 ll.ltl.O 
2 96 202.9±2.5 8.2±1.4 
3 44 237.6±4.0 13.7±2.1 
*PFW = sow weight 24 hours post farrowing. 
^WTCH = lactation weight change from 24 hours post farrowing to 21 
days of litter age. 
^First letter represents breed of sire and second letter represents 
2 breed of dam; H = Hampshire, L = Landrace; HL and LH are F, matings; HL 
2 g 3 ^ 
and LH are F» matings; HL and LH are F« matings. 
tP<.10. 
**P<.01. 
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Table 11. Comparisons among mating types for sow weight 24 hours post 
farrowing and lactation weight change from 24 hours post 
farrowing to 21 days of litter age 
PFW^,kg WTCH^,kg 
Comparison of purebred and crossbred dams (Purebred - crossbred) 
-14.3±2.8** -4.0±1.5** 
Comparison of purebred and crossbred sires (Purebred - crossbred) 
-•7±2.7 -.3±1.5 
Comparison of Fj dams (HL - LH) 
7.6±4.2t 4.0±2.3t 
Purebred difference (HH - LL) 
16.1±5.2** 2.6+2.9 
Comparison of purebred sires (H - L) 
-.2±3.6 1.4±1.9 
Comparison of purebred dams (H - L) 
15.5±3.8** 1.9±2.1 
*First letter represents breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace. 
^'PFW = sow weight 24 hours post farrowing. 
^WTCH = lactation weight change from 24 hours post farrowing to 21 
days of litter age. 
fP<.10. 
**P<.01. 
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genetic parameters are given in Tables 16 and 17, respectively. Analyses 
of variance for milk composition traits are listed in Tables A6 and A7 in 
Appendix A. 
Mean values for percent fat, protein and lactose in this study are 
similar to those reported by Schuld and Bowland (1968). O'Grady et al. 
(1973) found similar values for percent protein and lower levels for 
percent fat and lactose. Perrin (1954) and Rook and Witter (1968) 
reported lower values for percent lactose and higher percentages for fat 
and protein. Miller et al. (1971) found similar values for percent 
protein and lower values for percent fat and lactose. Average values for 
swine milk of 6.8 for fat percent and 5.5 for lactose percent were listed 
by Jenness (1985). 
Comparing percentages of components at two stages of lactation 
showed that fat decreased, protein and lactose increased slightly and 
solids-not-fat was nearly equal as lactation advanced from 10 to 20 days. 
This agrees with Braude et al. (1947), Pond et al. (1962) and Rook and 
Witter (1968) who reported that fat percent decreased and protein percent 
increased from the first to the third week of lactation. Perrin (1954) 
and Colenbrander et al. (1967) found that protein percent decreased, fat 
percent increased and lactose percent remained the same as lactation 
advanced from week one to week three. Noblet and Etienne (1986) reported 
that lactose percent increased and percent fat and protein decreased with 
advancement of lactation. 
55 
Table 12. Least squares means and standard errors for milk components* 
at 10 days of litter age by mating type and parity 
Source No. PCFA PCPR PCLA PCSN 
X 337 6.73±.08 4.96±.03 6.38±.03 15.58±.22 
Mating type'' * 
H X H 38 6.83±.26 5.22±.09 6.32±.06 15.69±.19 
H X L 32 6.92±.29 4.75±.10 6.47+.07 14.94±.21 
L X H 29 6.74±.29 5.18±.10 6.37±.07 15.60±.22 
L X L 31 6.54±.29 4.95±.10 6.31±.07 15.09±.21 
H X HL 15 6.58±.42 4.86±.15 6.52±.10 15.02±.31 
H X LH 14 6.38±.44 5.02±.15 6.49±.10 15.01±.32 
L X HL 15 6.73±.44 5.02±.15 6.41±.10 15.26±.31 
L X LH 10 6.94±.52 4.80+.18 6.55±.12 15.20±.38 
HL^ 52 6.68±.22 4.95±.08 6.43±.05 15.44+.17 
LH^ 58 6.39±.21 4.90±.08 6.46±.05 I5.I9±.16 
HL^ 22 7.10±.38 5.02±.14 6.42±.09 15.60±.28 
LH^ 21 6.42±.39 4.84+.14 6.54+.09 15.37+.28 
Parity 
1 196 6.84±.13 4.91±.05 6.40±.03 15.07±.09 
2 97 6.55±.18 5.01±.06 6.44±.04 15.29±.13 
3 44 6.67±.29 4.96±.10 6.48±.07 15.48±.21 
*PCFA = percent fat, PCPR = percent protein, PCLA = percent lactose, 
PCSN = percent solids-not-fat. 
^'pirst letter represents breed of sire and second letter represents 
2 breed of dam; H = Hampshire, L = Landrace; HL and LH are F, matings; HL 
2 3 3 
and LH are Fg matings; HL and LH are Fg matings. 
*P<.05. 
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Table 13. Least squares means and standard errors for milk components* 
at 20 days of litter age by mating type and parity 
Source No. PCFA PCPR PCLA PCSN 
X 354 6.35±.07 5.05±.03 6.45±.03 15.59±.22 
Mating type^ * ** ** 
H X H 41 6.26±.20 5.36±.08 6.37±.07 15.82±.17 
H X L 32 6.53±.23 5.03±.09 6.27±.08 15.03±.19 
L X H 32 6.13±.23 5.19±.09 6.43±.07 15.56±.19 
L X L 31 6.08±.23 4.94+.09 6.31±.08 15.03+.19 
H X HL 15 5.67±.33 4.92±.14 6.72±.ll 14.94±.27 
H X LH 15 6.06±.33 5.12±.14 6.62±.ll 15.49+.27 
L X HL 15 6.83±.34 5.12±.14 6.52±.ll 15.75±.28 
L X LH 10 6.79±.41 5.23±.17 6.43±.14 16.23±.34 
HL^ 59 6.I9±.17 4.96±.07 6.54±.06 15.37±.14 
LH^ 62 6.37+.17 5.04±.07 6.54±.06 15.52+.14 
HL^ 21 6.37±.31 4.91+.13 6.61±.10 15.16±.25 
LH^ 21 6.32±.31 5.04±.13 6.56±.10 15.76±.25 
Parity 
1 212 6.43±.10 5.01±.04 6.44±.03 15.33±.08 
2 98 6.17±.14 5.13+.06 6.51±.05 15.57+.12 
3 44 6.30±.23 5.08±.09 6.53±.07 15.53±.19 
*PCFA = percent fat, PCPR = percent protein, PCLA = percent lactose, 
PCSN = percent solids-not-fat. 
'^First letter represents breed of sire and second letter represents 
2 breed of dam; H = Hampshire, L = Landrace; HL and LH are F, matings; HL 
2  3 3 
and LH are Fg matings; HL and LH are Fg matings. 
*P<.05. 
**P<.01. 
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Table 14. Comparisons among mating types® for milk components^ at 10 
days of litter age 
PCFA PCPR PCLA PCSN 
Comparison of purebred and crossbred dams (Purebred - crossbred) 
.10±.21 .10±.07 -.11±.05* .07±.15 
Comparison of purebred and crossbred sires (Purebred - crossbred) 
.06±.20 .05±.07 -.03±.04 -.17±.14 
Comparison of Fj dams (HL - LH) 
.10±.31 .04±.ll -.05±.07 .11+.22 
Purebred difference (HH - LL) 
.29±.38 .28±.13* .00±.09 .60±.28* 
Comparison of purebred sires (H - L) 
-.06±.26 -.02±.09 .04±.06 -.12±.19 
Comparison of purebred dams (H - L) 
.06±.28 .35±.10** -.05+.07 .63+.21** 
*First letter represents breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace. 
^PCFA = percent fat, PCPR = percent protein, PCLA = percent lactose, 
PCSN = percent solids-not-fat. 
*P<.05. 
**P<.01. 
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Table 15. Comparisons among mating types* for milk components^ at 20 
days of litter age 
PCFA PCPR PCLA PCSN 
Comparison of purebred and crossbred dams (Purebred - crossbred) 
-.08±.16 .09±.07 -.22±.05** -.17±.13 
Comparison of purebred and crossbred sires (Purebred - crossbred) 
-.02±.15 .13±.06* -.10±.05* .02±.13 
Comparison of Fj dams (HL - LH) 
-.17±.24 -.13±.10 .06±.08 -.39±.20* 
Purebred difference (HH - LL) 
.18±.30 .42±.12** .06±.10 .79±.24** 
Comparison of purebred sires (H - L) 
-.33±.20 -.01±.08 .07±.07 -.32±.17f 
Comparison of purebred dams (H - L) 
-.11±.22 .29±.09** .11±.07 .66±.18** 
*First letter represents breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace. 
''PCFA = percent fat, PCPR = percent protein, PCLA = percent lactose, 
PCSN = percent solids-not-fat. 
tP<.10. 
*P<.05. 
**P<.01. 
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Main effects 
The effect of mating type was significant for percent protein at 10 
and 20 days of litter age and for percent lactose and percent solids-
not-fat at 20 days of litter age. Milk from Hampshire dams nursing 
either purebred or crossbred pigs was consistently higher in percent 
protein than milk from Landrace dams at both 10 and 20 days. The 
corresponding superiority in percent sol ids-not-fat is expected since 
protein makes up a large part of the solids in milk, Fahmy (1972) 
reported that milk from Hampshire females was highest in percent protein 
when compared to milk from sows of the Yorkshire, Landrace, Lacombe, 
Duroc, Berkshire and Large Black breeds. Milk from crossbred dams was 
higher than milk from purebred dams in percent lactose at both 10 and 20 
days of litter age. 
The effect of parity was not significant for any of the milk com­
ponents studied. This agrees with the work of Klobasa et al. (1987) and 
Heidebrecht et al. (1951) who found no relationship between milk com­
ponents and parity of the dam. Lodge (1959) reported that milk from 
first litter gilts was higher in lactose percent and lower in percent fat 
and protein. O'Grady et al. (1973) found that milk from first litter 
gilts on day 24 of lactation was slightly higher in percent fat and 
protein and nearly equal in percent lactose and total solids when com­
pared to second parity sows. Johnston et al. (1986) reported that milk 
from second parity sows was lower in percent fat and nearly equal in 
percent protein to that of first litter gilts. 
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The linear regressions of percent protein at 10 and 20 days and 
percent fat and solids-not-fat at 20 days on number nursed were signifi­
cant (P<.01). The coefficients were negative indicating that component 
percentages decreased as the number of pigs nursed increased. 
Parameter estimates 
Estimates of maternal genetic effects for percent protein and 
percent solids-not-fat in Tables 16 and 17 are consistent with results of 
mating type comparisons in Tables 14 and 15. Milk from Hampshire sows 
was consistently higher in percent protein than milk from Landrace sows. 
Heterosis and recombination estimates were generally small and not 
significant for all four milk components at both stages of lactation. 
Maternal heterosis percentages ranged from -2.6% to 4.1% with the largest 
percentage for percent lactose at 20 days of litter age. 
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T^îe 16. Estimates of ^ i»tic effects for milk components^ at 10 days 
of litter age 
Effect^ PCFA PCPR PCLA PCSN 
9% - 9? -4a± .55 -.15±.19 .11±.13 -.06+.40 
9% - 9" -.ia± .40 .43±.14** -.10±.09 .651.304 
Z 
.15± .27 
2.2 
-.12±.10 
-2.3 
.ll±.06t 
1.7 
-.12±.20 
-0.8 
''hl 
z 
.02± .56 
0.4 
-.10±.20 
-1.9 
.18±.13 
2.8 
-.40±.41 
-2.6 
-.49±1.25 -.01±.44 -.21±.29 .76±.91 
c .47±1.04 -.08±.37 .25±.24 -.05±.75 
*PCFA = percent fat, PCPR = percent protein, PCLA = percent lactose, 
PCSN = percent solids-not-fat. 
^g° = average direct effects of the offspring, g^ = maternal genetic 
effects, h° = heterosis in the crossbred progeny, h^ = heterosis in the 
crossbred dam, r° = recombination loss in the offspring, r^ = recombina­
tion loss in the dam. 
tP<.10. 
*P<.05. 
**P<.01. 
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Table 1 7 .  Estimates of genetic effects for milk components* at 20 days 
of litter age 
Effect^ PCFA PCPR PCLA PCSN 
gj - 9° 
'HL 
% 
'Sl 
HL 
HL 
.58±.43 
.40±.31 
.16±.21  
2 . 6  
.14±.44 
2.3 
.21±.98 
,27±.82 
.26±.18 
.16±.13 
.04±.09 
-0.8 
.07±.18 
1.4 
.41±.41 
.03±.34 
-.10±.14 
.16±.10 
.01±.07 
0 . 2  
.26±.ISf 
4.1 
-.13±.32 
.35+.27 
.27±.35 
.53±.26* 
-.13±.18 
-0.8 
.40±.36 
2 . 6  
- .62±.80 
.43±.67 
*PCFA = percent fat, PCPR = percent protein, PCLA = percent lactose, 
PCSN = percent solids-not-fat. 
^g° = average direct effects of the offspring, g^ = maternal genetic 
effects, h° = heterosis in the crossbred progeny, h^ = heterosis in the 
crossbred dam, r° = recombination loss in the offspring, r^ = recombina­
tion loss in the dam. 
fP<.IO. 
*P<.05. 
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SUMMARY AND CONCLUSIONS 
Estimates of maternal genetic effects obtained in this study showed 
that Landrace females were superior to Hampshire females for number born, 
number born alive, litter birth weight, adjusted 21-day litter weight and 
milk production at 10 days of litter age. Differences in milk production 
estimates at 20 days of litter age were not significant. This result may 
be due to differences in persistency of production and stage of lactation 
at which peak production is reached by individual sows. Milk from 
Hampshire females was higher in percent protein at 10 days and percent 
solids-not-fat at 10 and 20 days of litter age. 
Individual heterosis estimates were significant for number born 
alive and litter birth weight and maternal heterosis was significant for 
litter birth weight. Numerous researchers (Sellier, 1976; Young et al., 
1976; Johnson, 1980; Kuhlers et al., 1981) have reported that crossbred 
females are superior to purebred females for the litter traits studied. 
Heterosis estimates for milk production of the dam estimated using weigh-
suckle-weigh procedures and for milk composition traits were generally 
small and not significant. 
The only trait for which recombination loss was significant was 
litter birth weight. The significant effect noted in this study indi­
cates that purebred boars sired heavier litters at birth than Fj boars 
when both groups were mated to Fj females. 
Differences in maternal performance of reciprocal Fj dams mated to 
both purebred and crossbred boars were not significant. This finding may 
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have implications for seedstock producers. While Landrace females have 
traditionally been used to produce Fj gilts, this result indicates that 
Hampshires may be used on the maternal side if they are mated to boars of 
a "maternal" breed such as Landrace. Equal performance could be expected 
for Fj gilts resulting from either Landrace x Hampshire or Hampshire x 
Landrace matings when they are used in commercial operations. 
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SECTION II. PERFORMANCE AND 
CARCASS TRAITS 
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ABSTRACT 
Twelve different mating types among the Hampshire and Landrace 
breeds were used to determine direct, maternal, heterosis and recombina­
tion effects for performance and carcass traits. Mating types used were: 
two purebred, two Fj, two Fg, two Fg and four backcross. Carcass data 
were collected on 238 barrows and 262 gilts over four replications. 
Traits measured were length (LENG), first rib mid-line backfat (BFRM), 
last rib mid-line backfat (BLRM), last lumbar mid-line backfat (BLLM), 
tenth rib off mid-line backfat (BFIO), loin muscle area (LMA) and 
dressing percent (DRS%). Average backfat (AVBF) is calculated as the 
mean of BFRM, BLRM and BLLM. The model used to evaluate the carcass 
traits included mating type, replicate, sex and slaughter weight as a 
covariate. The performance traits average daily gain (ADG), feed 
efficiency (FE), daily feed consumption (DFC), lean gain per day (LNGN) 
and lean efficiency (LNEF) were measured on a pen basis. Comparisons of 
reciprocal Fj crosses showed that carcasses from pigs sired by Hampshire 
boars were superior to those sired by Landrace boars for BFIO, LMA and 
AVBF. Heterosis percentages were significant for AVBF (7.2%; P<.01), 
BFIO (8.8%; P<.01), DRS% (1.5%; P<.01), ADG (11.5%; P<.01), DFC (10.2%; 
P<.01), LNGN (10.6%; P<.01) and LNEF (6.0%; P<.05). Epistatic recombina­
tion losses in the offspring were significant for LENG (3.6 cm; P<.05) 
and approached significance for BFIO (6.1 mm; P<.10). 
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INTRODUCTION 
Production efficiency in a commercial swine operation depends on 
maternal performance of the sow herd and postweaning performance of the 
offspring. While heterosis and the effects of crossbreeding are gen­
erally greater for sow productivity traits, their effects on postweaning 
performance and carcass merit should not be minimized. Heterosis 
estimates for carcass traits and feed efficiency have generally been 
small and not significant while estimates for average daily gain have 
been more important (Johnson, 1981; Sellier, 1976). Few estimates have 
been reported for lean gain per day, a measure of growth and carcass 
merit, and for lean efficiency, a measure of growth and carcass composi­
tion in addition to daily feed consumption. 
The objective of this study was to evaluate postweaning performance 
and carcass merit of pigs from purebred, Fj, Fg, Fg and backcross matings 
of the Hampshire and Landrace breeds. Estimates of direct and maternal 
effects, individual and maternal heterosis and recombination effects are 
presented. Similar estimates for maternal performance traits have been 
reported previously (Baas, 1990). Additional objectives were to compare 
the offspring of reciprocal Fj dams and the use of purebred and crossbred 
sires. 
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MATERIALS AND METHODS 
Data Description 
The data set previously described by Baas (1990) was collected at 
the Iowa State University Bilsland Memorial Research Farm. The mating 
design for the project was a balanced two-breed design involving three 
generations of crossbreeding (Malik, 1984). Year 1 of the project 
consisted of the production of purebred and reciprocal Fj crossbred 
litters from the mating of purebred sires and dams. Year 2 was the same 
as year 1 with Fg crosses added. Backcross and Fg matings were added in 
the third year. Mating types were produced contemporaneously within 
replicate to minimize environmental influences. A total of 358 litters 
was produced in the second and third generations of the crossbreeding 
experiment involving the Hampshire and Landrace breeds. 
Pigs had access to creep feed from three weeks of age until weaning 
at approximately six weeks of age. Boar pigs were randomly selected to 
be used as sires for the next generation and all other males were 
castrated. At approximately eight weeks of age pigs were sorted by 
mating type and assigned to groups of eight pigs per pen in open-fronted 
finishing buildings. At least two pigs from a litter were assigned to a 
pen group and equal numbers of barrows and gilts were included if 
possible. 
Pigs were fed a 16% crude protein corn-soybean meal-premix ration 
from eight weeks of age until the end of the test period. Average on-
test weights of the pigs for the growing-finishing period was 39.8 kg. 
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Pigs were removed from test individually until less than 25% of the pigs 
remained in the pen, at which time the test was terminated by weighing 
the remaining pigs and feed. Average off-test weight was 108.5 kg. When 
available, one gilt and one barrow from each litter were randomly 
designated for carcass measurements. 
Traits Measured 
Pigs were slaughtered at a commercial packing plant using standard 
slaughter procedures. Carcass traits including dressing percent (DRS%), 
length (LENG), average backfat (AVBF), backfat at the tenth rib (BFIO) 
and loin muscle area (LMA) were evaluated using procedures outlined by 
National Pork Producers Council (NPPC, 1983). Carcass measurements were 
recorded for 262 gilts and 238 barrows. 
Dressing percent or yield was calculated by dividing hot carcass 
weight by off-test weight recorded at the research farm. Carcasses were 
chilled for at least 24 h before carcass measurements were made. Carcass 
length was measured as the distance from the anterior edge of the first 
rib next to the vertebra to the anterior tip of the aitch bone. Average 
backfat was calculated as the average of three midline fat depths 
measured opposite the first rib, last rib and last lumbar vertebra. 
Prior to processing, the carcass was ribbed by sawing the vertebra 
perpendicular to the long axis of the loin between the 10th and 11th 
ribs. Fat depth at the 10th rib was measured at the % distance along the 
loin muscle (closest to belly side) from the edge of the loin muscle to 
the outer edge of and perpendicular to the skin. The loin muscle was 
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traced on acetate paper and the area determined using a grid. 
Postweaning performance traits measured on a pen mean basis were 
average daily gain (ADG), feed efficiency (FE), average daily feed 
consumption (DFC), lean gain per day on test (LNGN) and lean efficiency 
(LNEF). Average daily gain was calculated as total weight gain divided 
by total number of pig-days on test. Feed efficiency was defined as the 
total kg of feed consumed by a pen of pigs divided by the total live 
weight gain in kg. Average daily feed consumption per pig per day on 
test was obtained by dividing total kg of feed consumed by a pen of pigs 
by the total number of pig-days on test. 
Lean gain per day on test was calculated using the following formula 
(NPPC, 1983) and the converted to kg/d. 
Pounds of lean gain per day on test = 
0.9 + .0047 * adjusted hot carcass weight (lb) 
+ .018 * loin muscle area (sq in) 
- .15 * tenth rib fat depth (in) 
- .007 * days on test 
- .0044 * live weight on test (lb). 
Lean efficiency was evaluated using an index to estimate kg feed 
required to produce a kg of lean pork (NPPC, 1989). 
Lean efficiency (kg feed/kg lean) = 
6.24 + 3.1126 * daily feed consumption (kg/d) 
- 6,0075 * average daily gain (kg/d) 
+ 0.0731 * tenth rib fat depth (mm) 
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- 0.0727 * loin muscle area (sq cm). 
Statistical Analysis 
Data were analyzed using the General Linear Models procedure of the 
Statistical Analysis System (SAS, 1985). Individual carcass traits of 
length, average backfat, backfat at the tenth rib and loin muscle area 
were analyzed using the following model: 
Y|jk1 = P + "1 + + :k + - X) + 
where 
'ijkl YiHn = the observation of the 1^*^ pig of the k^^ sex in the 
replicate of the i mating type, 
H = overall mean, 
m^ = fixed effect common to the i^*^ mating type, 
rj = fixed effect common to the replicate, 
S|^ = fixed effect common to the kth sex, 
b(X-X) = linear regression of Y on the deviation of the live weight 
at slaughter from the mean slaughter weight and 
®ijkl random residual error. 
The covariate for the regression of the observed value on live 
weight at slaughter was omitted from the analysis for carcass dressing 
percentage since live weight is included in the calculation of that 
trait. 
Analyses of average daily gain, feed efficiency and average daily 
feed consumption, on a pen basis, were performed with the following 
model : 
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Yijk = p + m, + Tj + b,(Xi-Xj) + bgtXg-Xg) + e,jk 
where letters again are defined as mating type (m), replicate (r) and 
residual error (e). The variables atid bg are linear regression 
coefficients of the observed pen traits on initial on-test weight (Xj) 
and final off-test weight (Xg). The analysis of lean efficiency did not 
include the covariate for off-test weight and the covariates for on-test 
weight and off-test weight were omitted from the analysis of lean gain 
per day on test since both weights were used in the calculation of LNGN. 
Genetic parameters estimated from the data are: 
g° = average direct effects of the offspring, 
g^ = maternal genetic effects, 
h° = heterosis in the crossbred progeny, 
h^ = heterosis in the crossbred dam, 
r° = recombination losses in the offspring, 
r^ = recombination losses in the dam. 
The theory for estimating genetic parameters from crossbreeding data 
was proposed by Dickerson (1969, 1973). The contributions of h°, h^, r° 
and r^ in the two-breed cross mating system are given in Dickerson (1969, 
1973), Malik (1984) and Baas (1990). Equations for the expected contri­
bution of genetic effects in purebred Hampshire and Landrace and their 
crosses and mating type comparisons used to estimate these genetic 
effects are given in Baas (1990). 
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RESULTS AND DISCUSSION 
Carcass Traits 
Least squares means for carcass traits by mating type and sex are 
given in Tables 1 and 2. Comparisons among mating types are reported in 
Tables 3 and 4, and estimates of genetic effects are given in Tables 5 
and 6. Analyses of variance for carcass traits are listed in Tables B1 
and B2 in Appendix B. 
Main effects 
Main effects of mating type and sex were significant for all carcass 
traits studied. For carcass length, mating type comparisons showed that 
pigs out of Landrace sires or dams were consistently longer than those 
out of Hampshire sires and dams. The comparison of Fj dams showed that 
pigs out of LH dams were longer than those out of HL dams. For dressing 
percentage, purebred Landrace pigs had a higher carcass yield than 
purebred Hampshire pigs. 
Table 4 indicates that pigs sired by purebred H and L boars were 
leaner (P<.01) than pigs sired by crossbred boars. Comparing breed of 
dam shows that pigs out of Hampshire dams were fatter (P<.01) than pigs 
out of Landrace females. Hampshire sired pigs had less backfat at the 
tenth rib than Landrace sired pigs. Comparisons for loin muscle area 
showed that purebred Hampshire pigs were superior to purebred Landrace 
pigs and Hampshire sired pigs had more loin muscle area than Landrace 
sired pigs. These results agree with the work of Kuhlers et al. (1980) 
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Table 1. Least squares means and standard errors for carcass length and 
dressing percentage by mating type and sex 
Source No. LENG*,cm DRS%b 
X 500 83.74±.12 72.82±.ll 
Mating type^ ** * 
H X H 50 82.75±.32 71.87±.29 
H X L 41 84.03±.35 73.40±.32 
L X H 41 83.36±.35 73.51±.32 
L X L 41 85.73±.35 72.85±.32 
H X HL 20 82.62±.52 72.88±.48 
H X LH 28 84.04±.44 72.56±.41 
L X HL 23 84.37±.48 72.84±.45 
L X LH 30 85.22±.52 73.01±.48 
HL^ 91 83.01±.25 73.03±.23 
LH^ 89 83.33±.25 72.58±.23 
HL^ 28 84.10±.44 73.38±.41 
LH^ 28 84.35±.44 72.38±.41 
Sex ** ** 
Gilt 262 84.43±.15 73.13±.14 
Barrow 238 83.39±.16 72.59±.15 
*LENG = carcass length. 
^bRS% = carcass dressing percentage. 
^First letter represents breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace; HL and LH are F, matings; HL^ 
? 3 "î 
and LH are Fg matings; HL and LH are Fg matings. 
*P<.05. 
**P<.01. 
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Table 2. Least squares means and standard errors for carcass backfat and 
loin muscle area by mating type and sex 
Source No. AVBF*,mm BF10^,mm LMwf.cm^ 
X 500 34.93±.22 27.99±.29 32.38±.23 
Mating type^ ** ** ** 
H X H 50 33.73± .62 26.64± .80 33.96± .63 
H X L 41 34.34± .69 26.27± .88 33.33± .70 
L X H 41 37.34± .68 31.94± .88 30.66± .70 
L X L 41 33.13± .68 26.85± .87 31.49± .69 
H X HL 20 35.15±1.01 28.02+1.30 32.62±1.03 
H X LH 28 33.97± .86 25.29±1.11 34.38± .87 
L X HL 23 35.57± .94 28.11±1.21 32.27± .96 
L X LH 20 34.18±1.01 26.63±1.30 30.72±1.03 
HL^ 91 35.34± .49 27.62± .62 33.05+ .49 
LH^ 89 34.86± .48 29.44± .62 31.64± .49 
HL^ 28 36.63± .86 30.19±1.10 32.27+ .87 
LH^ 28 36.45± .86 28.98+1.10 30.85± .87 
Sex ** ** ** 
Gilt 262 33.31± .30 25.22± .38 33.82± .30 
Barrow 238 36.80± .31 30.78± .40 30.72+ .32 
®AVBF = average of three midline backfat measurements at the first 
rib, last rib and last lumbar vertebra. 
'^BFIO = off-midline backfat measurement at the tenth rib. 
^LMA = loin muscle area. 
**P<.01. 
80 
Table 3. Comparisons among mating types* for carcass length and dressing 
percentage 
LENGb,cm DRS%^ 
Comparison of purebred and crossbred dams (Purebred - crossbred) 
.09±.25 .08±.23 
Comparison of purebred and crossbred sires (Purebred - crossbred) 
.32±.23 .03±.21 
Comparison of Fj dams (HL - LH) 
Purebred difference (HH - LL) 
Comparison of purebred sires (H - L) 
Comparison of purebred dams (H - L) 
.86±.33** .20±.31 
•2.98±.47** -.98±.43* 
-1.31±.29** -.37±.27 
-1.83±.34** -.44±.31 
*First letter represents breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace. 
''lENG = carcass length. 
^DRS% = carcass dressing percentage. 
*P<.05. 
**P<.01. 
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Table 4. Comparisons among mating types for carcass backfat and loin 
muscle area 
AVBF^,mm BFlO^.mm LMA^,cm^ 
Comparison of purebred and crossbred dams (Purebred - crossbred) 
-.63±.49 -.11±.63 .14±.49 
Comparison of purebred and crossbred sires (Purebred - crossbred) 
-1.14±.44** -1.59±.57** .48±.45 
Comparison of Fj dams (HL - LH) 
1.02±.65 .79±.83 .40±.66 
Purebred difference (HH - LL) 
.60±.92 -.21±1.18 2.47±.93** 
Comparison of purebred sires (H - L) 
-.76+.57 -1.83±.73* 2.28±.58** 
Comparison of purebred dams (H - L) 
1.80±.66** 2.73±.85** -.10±.68 
*First letter represents breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace. 
''aVBF = average of three midline backfat measurements at the first 
rib, last rib and last lumbar vertebra. 
^BFIO = off-midline backfat measurement at the tenth rib. 
"^LMA = loin muscle area. 
*P<.05. 
**P<.01. 
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and Langlois and Minvielle (1989). 
Sex effects indicated that gilts had longer and leaner carcasses, 
more loin muscle area and higher dressing percentages than barrows. 
These findings are in agreement with Schneider (1978). Bereskin and 
Davey (1978) and Lu (1986) reported that gilts were superior to barrows 
for carcass length, average backfat and loin muscle area. The linear 
regression coefficients of LENG, AVBF, BFIO and LMA on live weight at 
slaughter were all significant (P<.01). Pigs were longer, fatter and had 
more loin muscle area as weight at slaughter increased. 
Parameter estimates 
The significant direct effect for carcass length favoring the 
Landrace breed is consistent with mating type comparisons discussed 
previously. Individual and maternal recombination effects were sig­
nificant (P<.05) for carcass length. For dressing percentage, the 
estimate of individual heterosis was significant (P<.01) indicating that 
crossbred pigs had higher carcass yields than purebred pigs. 
Estimates of direct genetic and maternal effects in Table 6 illus­
trate that both effects were important for AVBF, BFIO and LMA. Johnson 
(1981) reported maternal effects to be important for carcass length, 
backfat and loin muscle area and Toelle and Robison (1983) found breed 
prenatal effects to be important for backfat. In a review of earlier 
work, Robison (1972) concluded that maternal effects were important for 
most traits, including carcass backfat. A consistent negative relation­
ship between direct and maternal genetic effects was also noted, a 
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Table 5. Estimates of genetic effects for carcass length and dressing 
percentage 
Effect* LENGb,cm DRS%c 
9H - 9° -2.30±.68** -1.08±.68t 
gJJ - gf -0.68±.49 0.10+.45 
% 
-0.55±.34 
-0.7 
1.09+.31** 
1.5 
h:L 
% 
0.98±.65 
1.2 
-0.07+.60 
0.1 
""HL -3.56+1.44* -0.07+1.33 
3.08+1.22* 0.08+1.13 
®g° = average direct effects of the offspring, g^ = maternal genetic 
effects, h° = heterosis in the crossbred progeny, h^ = heterosis in the 
crossbred dam, r°, = recombination loss in the offspring, r^ = recombina­
tion loss in the dam. 
^lENG = carcass length. 
^DRS% = carcass dressing percentage. 
tP<.10. 
*P<.05. 
**P<.01. 
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Table 6. Estimates of genetic effects for carcass backfat and loin 
muscle area 
Effect* AVBpb.mm BF10^,mm LMA^,cm^ 
9H - 9L -2.40±1.33t -5.88±1.71** 5.13±1.35** 
9H • 9L 3.00±.97** 5.67±1.24** -2.67±.98** 
% 
2.42±.66** 
7.2 
2.37±.85** 
8.8 
-.73±.68 
-2.2 
•^HL 
% 
-0.30±1.27 
-0.9 
-2.43±1.63 
9.1 
.29+1.29 
0.9 
•"HL 1.53±2.81 6.07±3.61t -.62±2.86 
2.57±2.39 -0.32±3.07 -1.28±2.43 
®g° = average direct effects of the offspring, g^ = maternal genetic 
effects, h° = heterosis in the crossbred progeny, h^ = heterosis in the 
crossbred dam, r° = recombination loss in the offspring, r^ = recombina­
tion loss in the dam. 
^AVBF = average of three midline backfat measurements at the first 
rib, last rib and last lumbar vertebra. 
^BFIO = off-midline backfat measurement at the tenth rib. 
^LMA = loin muscle area. 
tP<.10. 
**P<.01. 
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finding in agreement with McLaren et al. (1987) and the present study. 
Average direct effects for the Hampshire breed were for leaner pigs with 
more loin muscle area while Hampshire maternal effects were for fatter 
pigs with decreased loin muscle area. In contrast, direct and maternal 
effects for the Landrace breed were in the opposite direction to those 
for the Hampshire breed. 
Individual heterosis effects for average backfat and tenth rib 
backfat were significant (P<.01) and nearly equal. Heterosis estimates 
for LMA were small and not significant. Most researchers (Kuhlers et 
al., 1972; Johnson et al., 1973; Young et al., 1976; Johnson, 1981; 
Schneider et al., 1982; Bereskin and Steele, 1986) have concluded that 
heterosis effects for carcass traits are small and not significant. 
Schneider et al. (1974) and Kuhlers et al. (1977) did, however, report 
significant heterosis estimates for loin muscle area. 
Performance Traits 
Tables 7 and 8 list least squares means for post weaning performance 
traits on a pen basis. Mating type comparisons and estimates of genetic 
effects are given in Tables 9 and 10 and Tables 11 and 12, respectively. 
Analyses of variance for these traits are given in Tables B3, B4 and B5 
in Appendix B. 
Main effects 
The main effect of mating type was significant (P<.05) for average 
daily gain and daily feed consumption although specific mating type 
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Table 7. Least squares means and standard errors for average daily gain, 
feed efficiency and daily feed consumption on a pen mean basis 
by mating type 
Source No. ADG*,kg/d FEb DFC^,kg/d 
X 125 .78±.01 3.28±.02 2.52±.02 
Mating type^ * * 
H X H 11 .77±.02 3.24±.07 2.44±.06 
H X L 11 .84±.02 3.12+.07 2.59±.06 
L X H 11 .82±.02 3.35±.07 2.73±.06 
L X L 11 .73±.02 3.33±.07 2.39±.06 
H X HL 5 .80±.03 3.21+.10 2.53±.09 
H X LH 7 .78±.02 3.22±.09 2.45±.07 
L X HL 6 .78±.03 3.25±.09 2.49±.08 
L X LH 5 .77+.03 3.28±.10 2.48±.09 
HL^ 23 .79±.01 3.26±.05 2.54+.04 
LH^ 22 .78±.01 3.34±.05 2.54±.04 
HL^ 7 .76+.02 3.34±.09 2.52±.07 
LH^ 6 .75+.03 3.36±.09 2.48±.08 
®ADG = average daily gain per pig. 
^FE = feed efficiency (kg feed/kg gain). 
^DFC = daily feed consumption per pig. 
^First letter represents breed of sire and second letter represents 
2 breed of dam; H = Hampshire, L = Landrace; HL and LH are F, matings; HL 
2 3 3 
and LH are Fg matings; HL and LH are Fg matings. 
*P<.05. 
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Table 8. Least squares means and standard errors for lean gain per day 
on test and lean efficiency on a pen mean basis by mating type 
Source No. LNGN*,kg/d LNEF^ 
X 125 .291±.004 9.10±.08 
Mating type^ ** ** 
H X H 11 .292±.009 8.63±.21 
H X L II .320±.009 8.75±.20 
L X H 11 .303±.009 9.86±.20 
L X L 11 .272±.009 8.93±.20 
H X HL 5 .298±.014 8.99±.31 
H X LH 7 .297±.012 8.55±.27 
L X HL 6 .297±.012 9.00±.29 
L X LH 5 .289±.014 9.08±.31 
HL^ 23 .298±.007 9.03±.15 
LH^ 22 .279±.007 9.36±.16 
HL^ 7 .272±.012 9.40±.27 
LH^ 6 .276+.012 9.30±.29 
®LNGN = lean gain per pig per day on test. 
'^LNEF = lean efficiency per pig (kg feed/kg lean). 
^First letter represents breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace; HL and LH are F, matings; HL 
2 o o A 
and LH are Fg matings; HL and LH are Fg matings. 
**P<.01. 
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Table 9. Comparisons among mating types* for average daily gain, feed 
efficiency and daily feed consumption 
ADG^,kg/d FE^ DFC^,kg/d 
Comparison of purebred and crossbred dams (Purebred - crossbred) 
.015±.014 -.022±.050 .035±.042 
Comparison of purebred and crossbred sires (Purebred - crossbred) 
.015±.013 -.075±.045t -.008±.038 
Comparison of Fj dams (HL - LH) 
.016±.019 -.041±.065 .028±.055 
Purebred difference (HH - LL) 
.038±.026 -.095±.093 .046±.079 
Comparison of purebred sires (H - L) 
.021±.016 -.104±.056t -.020+.048 
Comparison of purebred dams (H - L) 
.010±.019 .068±.065 .092+.056 
®First letter represents breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace. 
^'ADG = average daily gain per pig. 
^FE = feed efficiency (kg feed/kg gain). 
^DFC = daily feed consumption per pig. 
tP<.10. 
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Table 10, Comparisons among mating types^ for lean gain per day on test 
and lean efficiency 
LNGNb,kg/d LNEF^ 
Comparison of purebred and crossbred dams (Purebred - crossbred) 
.009±.007 -.045±.152 
Comparison of purebred and crossbred sires (Purebred - crossbred) 
.015+.006* -.300±.141* 
Comparison of Fj dams (HL - LH) 
Purebred difference (HH - LL) 
Comparison of purebred sires (H - L) 
Comparison of purebred dams (H - L) 
.009±.009 .013±.202 
.020±.012 -.304±.288 
.012±.008 -.487±.175** 
.002±.009 .399±.204t 
*First letter represents breed of sire and second letter represents 
breed of dam; H = Hampshire, L = Landrace. 
''lnGN = lean gain per pig per day on test. 
^LNEF = lean efficiency per pig (kg feed/kg lean), 
tP<.10. 
*P<.05. 
**P<.01. 
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comparisons were not significant. Langlois and Minvielle (1989) noted 
similar feed efficiency and daily feed intake for Hampshire and Landrace 
sired crossbred pigs. Kuhlers et al. (1989) found significant breed of 
sire differences for ADG, DFC and FE and the effect of dam breeding was 
significant for ADG and FE. 
Linear regression coefficients were significant for the regression 
of ADG on off-test weight and for the regression of DFC and FE on initial 
on-test weight. Average daily gain improved as off-test weight increased 
and pigs ate more feed per day and were less efficient as on-test weight 
increased. 
The effect of mating type was a significant (P<.01) source of 
variation for lean gain and lean efficiency. Pigs sired by purebred 
boars were superior (P<.05) to pigs sired by crossbred boars for both 
LNGN and LNEF. In a review of earlier experiments, Buchanan (1987) found 
little apparent advantage or disadvantage associated with the use of 
crossbred boars for performance traits or carcass merit. One possible 
explanation for the difference in this study is that the traits LNGN and 
LNEF are each a combination of several individual performance and carcass 
traits. The coefficient for the regression of LNEF on initial on-test 
weight was significant (P<.01) indicating that lean efficiency became 
poorer as on-test weight increased. 
Parameter estimates 
Significant direct and maternal genetic effects for feed efficiency 
were in the direction favoring Hampshire sires and Landrace dams (Table 
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Table 11. Estimates of genetic effects for average daily gain, feed 
efficiency and daily feed consumption on a pen mean basis 
Effect* ADGb,kg/d FE^ DFC^,kg/d 
gS - gg .06±.04 -.32±.13* -.09±.ll 
9H - 9L -.02±.03 .23±.09* .14±.08t 
% 
.09±.02** 
11.5 
-.05±.07 
-1.5 
.25±.06** 
10.2 
% 
-.01±.04 
-1.4 
-.08±.13 
-2.5 
-.ll±.ll 
-4.4 
^HL .00±.08 .25±.28 .22±.24 
-.06±.07 .01±.24 -.19±.21 
®g° = average direct effects of the offspring, g^ = maternal genetic 
effects, h° = heterosis in the crossbred progeny, h^ = heterosis in the 
crossbred dam, r° = recombination loss in the offspring, r^ = recombina­
tion loss in the dam. 
'^ADG = average daily gain per pig. 
^FE = feed efficiency (kg feed/kg gain). 
^DFC = daily feed consumption per pig. 
tP<.10. 
*P<.05. 
**P<.01. 
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Table 12. Estimates of genetic effects for lean gain per day on test and 
lean efficiency on a pen mean basis 
Effect* LNGN^.kg/d LNEpC 
9H - 9L .038±.018* -1.41±.41** 
g[J - gf -.017±.012 1.10±.29** 
% 
.030±.009** 
10.6 
.521.20* 
6.0 
% 
.005±.017 
1.9 
-.43±.39 
-4.9 
-.028±.038 1.17±.88 
r; -.022±.033 -.13+.76 
= average direct effects of the offspring, g^ = maternal genetic 
effects, h° = heterosis in the crossbred progeny, h^ = heterosis in the 
crossbred dam, r° = recombination loss in the offspring, r^ = recombina­
tion loss in the dam. 
^iNGN = lean gain per pig per day on test. 
^INEF = lean efficiency per pig (kg feed/kg lean). 
*P<.05. 
**P<.01. 
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11). A negative relationship between these two effects was also evident 
for ADG and DFC although the effects were not significant. 
Estimates of individual heterosis were significant (P<.01) for ADG 
(.09 kg/d, 11.5%) and DFC (.25 kg/d, 10.2%) but were not significant for 
FE. 
Literature estimates of individual heterosis for average daily gain 
and daily feed consumption are reasonably consistent and in agreement 
with this study. Johnson (1981) summarized experiments in the United 
States and Canada and reported average heterosis of .06 kg/d (8.8%) for 
ADG with a range of .04 to .09 kg/d. Other estimates reported for ADG 
are 8.2% by Bereskin and Steele (1986) and 10.5% by McLaren et al. 
(1987). Toelle and Robison (1983) reported a higher estimate (13.7%) 
from data that included purebred and crossbred pigs crossfostered in the 
same experiment. Johnson et al. (1973) found heterosis was significant 
for ADG (10.2%) and DFC (5.9%). Kuhlers et al. (1972) reported a 
significant estimate (.04 kg/d) for ADG but their estimate for DFC was 
not significant. Kuhlers et al. (1977) listed heterosis estimates for 
average daily gain (11.8%), daily feed consumption (5.3%) and feed 
efficiency (5.2%). Significant estimates for all three traits were also 
reported by Young et al. (1976). Wilson and Johnson (1981) reported that 
heterosis for feed efficiency was not important, which is in agreement 
with this study. 
The direct genetic effect was significant for LNGN (P<.05) and LNEF 
(P<.01) indicating that the Hampshire breed was superior to the Landrace 
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breed for these traits. The maternal genetic effect for LNEF was 
significant and favored the Landrace breed, again showing a negative 
relationship between direct and maternal effects for the two breeds. The 
maternal effect for LNGN was in the direction favoring Landrace but was 
not significant. 
Individual heterosis estimates were significant and showed that Fj 
crossbred pigs were superior to purebred pigs for LNGN but the advantage 
was in favor of purebred pigs for LNEF. The negative estimate of hetero­
sis for LNEF in this study may be due to the fact that Fj crossbred pigs 
were fatter, ate more feed per day and there was little difference 
between the two groups for feed efficiency. 
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SUMMARY AND CONCLUSIONS 
Performance data on a pen basis were collected on a total of 125 
pens, and carcass measurements were made on 238 barrows and 262 gilts 
over four replications. Estimates of average direct effects for carcass 
traits for the Hampshire breed were for leaner pigs with more loin muscle 
area while Hampshire maternal effects were for fatter pigs with decreased 
loin muscle area. The same negative relationship between direct and 
maternal effects was also evident for feed efficiency and lean effi­
ciency. 
Individual heterosis estimates were important (P<.01) for dressing 
percentage, average backfat, tenth rib backfat, average daily gain, daily 
feed consumption and lean gain per day and for lean efficiency (P<.05). 
Crossbred Fj pigs grew faster, ate more feed and had more lean gain per 
day while purebred pigs were leaner and more efficient. The only trait 
for which the recombination loss estimate was significant (P<.05) was 
carcass length while the estimate for tenth rib backfat approached 
significance {P<.10). Since epistatic recombination losses appear to be 
negligible for the traits studied, there is potential advantage in using 
more heterosis in developing parental strains to be used in crossbreed­
ing systems. 
Additional mating type comparisons showed that pigs sired by 
purebred boars were superior to pigs sired by crossbred boars for average 
backfat, tenth rib backfat, lean gain per day and lean efficiency. There 
was little difference in the performance or carcass merit of pigs out of 
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reciprocal Fj females, indicating that commercial producers could expect 
equal performance for pigs out of either HL or LH Fj dams. 
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SUMMARY AND CONCLUSIONS 
Direct and maternal genetic effects, individual and maternal 
heterosis and epistatic recombination losses for maternal performance 
traits were estimated from data on 358 litters produced in a mating 
system described by Malik (1984). The two breeds involved were Hampshire 
and Landrace. The same parameters were estimated for various carcass 
traits by analysis of data collected on 238 barrow and 262 gilt carcasses 
of pigs produced in those litters. Data from 125 pens of pigs were used 
to estimate the same parameters for growth and efficiency traits. 
Estimates of maternal genetic effects indicated that Landrace were 
superior to Hampshire females for number born, number born alive, litter 
birth weight, adjusted 21-day litter weight and milk production at 10 
days of litter age. Individual heterosis estimates were significant for 
number born alive and litter birth weight. Maternal heterosis was 
significant (P<.01) for litter birth weight and approached significance 
(P<.10) for adjusted 21-day litter weight indicating that crossbred sows 
had heavier litters at birth and 21 days when compared to purebred sows. 
Recombination loss was significant (P<.05) for litter birth weight 
indicating that purebred boars sired heavier litters than Fj boars when 
both groups were mated to Fj females. 
Average direct effects for carcass traits for the Hampshire breed 
were for leaner pigs with more loin muscle area while Hampshire maternal 
effects were for fatter pigs with decreased loin muscle area. The same 
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negative relationship between direct and maternal effects was also 
evident for feed efficiency and lean efficiency with the advantage in 
favor of Hampshire sired pigs. 
Individual heterosis estimates in this study were significant for 
the carcass traits of dressing percentage, average backfat and tenth rib 
backfat and for the performance traits of average daily gain, daily feed 
consumption, lean gain per day and lean efficiency. Crossbred Fj pigs 
grew faster, ate more feed and had more lean gain per day while purebred 
pigs were leaner and more efficient. Previous literature estimates of 
heterosis for carcass merit have generally been small and not significant 
and estimates for average daily gain have been in the moderate range of 6 
to 10 percent (Johnson, 1981; Sellier, 1976; Toelle & Robison, 1983). 
Few estimates have been reported for lean gain per day and lean effi­
ciency. 
Reciprocal Fj dams mated to purebred or crossbred boars performed 
equally well for the maternal traits evaluated in this study. In addi­
tion, the offspring of these Fj dams were similar in performance and 
carcass merit. Seedstock producers could use either Hampshire or 
Landrace females to produce Fj gilts. 
Epistatic recombination losses were negligible for all traits 
evaluated in this study with the exception of litter birth weight and 
carcass length. This finding indicates potential advantage in using more 
heterosis in developing parental strains to be used in crossbreeding 
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systems. Breed differences in maternal and individual performance 
increase the advantage of crossing specific terminal sires with "mater­
nal" crossbred dams. 
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Table Al. Mean squares and degrees of freedom for litter traits* 
Source d.f. NB NBA d.f. LBW,kg ABW,kg 
Mating type 11 25.5** 26.2** 11 75.1** .08 
Parity 2 36.2* 27.3* 2 250.8** .52** 
Replicate 3 24.6* 15.7t 3 122.7** .08 
Residual 341 8.2 7.2 340 16.6 .08 
TOTAL 357 356 
®NB = number born, NBA = number born alive, LBW = litter birth 
weight, ABW = average pig birth weight. 
tP<.10. 
*P<.05. 
**P<.01. 
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Table A2. Mean squares and degrees of freedom for adjusted 21-day 
litter weight 
Source d.f. ALW*,kg 
Mating type 11 118.9** 
Parity 2 93.1 
Replicate 3 603.5** 
Number nursed 1 2347.2** 
Sow weight change 1 62.6 
Sow weight 24 hr post farrowing 1 292.4* 
Sow weight change * mating type 11 94.6* 
Residual 310 50.8 
TOTAL 340 
^ALW = adjusted 21-day litter weight. 
*P<.05. 
**P<.01. 
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Table A3. Mean squares and degrees of freedom for milk production at 10 
and 20 days of 1itter age 
Source d.f. WT10*,g/hr WTZO^.g/hr 
Mating type 11 24,763 33,760 
Parity 2 82,692** 20,348 
Replicate 3 72,196** 54,856 
Number nursed 1 252,538** 234,589* 
Residual 339 17,552 40,719 
TOTAL 356 
*WT10 = milk production at 10 days of litter age. 
''WT20 = milk production at 20 days of litter age. 
*P<.05. 
**P<.01. 
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Table A4. Mean squares and degrees of freedom for sow weight 24 hours 
post farrowing 
Source d.f. PFW*,kg 
Mating type 11 2,323** 
Parity 2 68,913** 
Replicate 3 2,967** 
Residual 334 472 
TOTAL 350 
*PFW = sow weight 24 hours post farrowing. 
**P<.01. 
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Table A5. Mean squares and degrees of freedom for lactation weight 
change from 24 hours post farrowing to 21 days of 1itter age 
Source d.f. WTCH*,kg 
Mating type 11 182 
Parity 2 416t 
Replicate 3 3,257** 
Number nursed 1 2,783** 
Residual 324 138 
TOTAL 341 
*WTCH = lactation weight change from 24 hours post farrowing to 21 
days of litter age. 
tP<.10. 
**P<.01. 
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Table A6. Mean squares and degrees of freedom for milk components* at 10 
days of litter age 
Source d.f. PCFA PCPR d.f. PCLA PCSN 
Mating type 11 1.42 .60* 11 .14 1.72 
Parity 2 2.18 .30 2 .12 2.88 
Replicate 3 12.67** 3.80** 3 8.16** 875.62** 
Number nursed 1 3.79 2.23** 1 .12 1.49 
Residual 337 2.48 .31 319 .13 1.29 
TOTAL 354 336 
*PCFA = percent fat, PCPR = percent protein, PCLA = percent lactose, 
PCSN = percent solids-not fat. 
*P<.05. 
**P<.01. 
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Table A7. Mean squares and degrees of freedom for milk components* at 
20 days of 1itter age 
Source d.f. PCFA PCPR PCLA PCSN 
Mating type 11 1.62 .58* .43** 2.94** 
Parity 2 1.79 .41 .17 1.71 
Replicate 3 47.25** 2.98** 9.74** 951.19** 
Number nursed 1 17.17** 2.15** .03 9.01** 
Residual 336 1.53 .27 .17 1.03 
TOTAL 353 
*PCFA = percent fat, PCPR = percent protein, PCLA = percent lactose, 
PCSN = percent solids-not fat. 
*P<.05. 
**P<.01. 
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Table Bl. Mean squares and degrees of freedom for carcass traits* 
Source d.f. LENG,cm AVBF,mm BFIO,mm LMA,cm^ 
Mating type 11 30.6** 59.8** 135.1** 57.4** 
Replicate 3 39.4** 1.9 23.1 568.0** 
Sex 1 131.7** 1493.7** 3785.0** 1172.5** 
Live weight 1 507.2** 530.1** 901.0** 230.9** 
Residual 483 4.9 18.8 30.9 19.3 
TOTAL 499 
LENG = carcass length, AVBF = average of three midline backfat 
measurements at the first rib, last rib and last lumbar vertebra, BFIO = 
off-midline backfat measurement at the tenth rib, LMA = loin muscle area. 
**P<.01. 
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Table B2. Mean squares and degrees of freedom for carcass dressing 
percentage 
Source d.f. DRS%* 
Mating type 11 9.5* 
Replicate 3 205.2** 
Sex 1 35.8** 
Residual 484 4.2 
TOTAL 499 
®DRS% = carcass dressing percentage. 
*P<.05. 
**P<.01. 
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Table B3. Mean squares and degrees of freedom for average daily gain, 
feed efficiency and daily feed consumption 
Source d.f. ADG*,kg/d FE*) DFC^,kg/d 
Mating type 11 .009* .050 .074* 
Replicate 3 .084** .334** .276** 
On-test weight 1 .004 .808** .714** 
Off-test weight 1 .036** .110 .119t 
Residual 108 .004 .046 .033 
TOTAL 124 
®ADG = average daily gain per pig. 
^FE = feed efficiency (kg feed/kg gain). 
^DFC = daily feed consumption per pig. 
tP<.10. 
*P<.05. 
**P<.01. 
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Table B4. Mean squares and degrees of freedom for lean gain per day on 
test 
Source d.f. LNGN*,kg/d 
Mating type 11 .002** 
Replicate 3 .017** 
Residual 110 .001 
TOTAL 124 
*LNGN = lean gain per pig per day on test. 
**P<.01. 
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Table B5. Mean squares and degrees of freedom for lean efficiency 
Source d.f. LNEF* 
Mating type 11 1.33** 
Replicate 3 .30 
On-test weight 1 6.03** 
Residual 109 .45 
TOTAL 124 
*LNEF = lean efficiency per pig (kg feed/kg lean) 
**P<.01. 
